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Preface

Any problem which inhibits the operational readiness of our Air Force, should be solved in the

most rapid manner posi e. This was my feeling when I was assigned the task of solving the "short-

life" problem inh'rent in he Geiger-Muller tubes presently used on USAF aircraft. When I was in-

troduced to the problem. t was extremely hard for me to realize how this small and "simple-looking"

device could possibly have the impact on aircraft operational status that it does. As time went by

and my investigations beca ne more involved, I found that this "simple" device became extremely

complicated when placed :a the thermal and vibrational environment of the airplane. It was a short

time later when I concluic J that I was going to ;"ed help. My cries for help were heard by far more

people than I thought pos.,,ble. It is to these people that I owe a debt of gatitude far greater than I

can ever pay. Fortunately. their rew-Sard is the same as mine--the satisfaction of having worked on an

"Air Force" problem and having been a part of the overall solution to that problem. Although this is

all they asked for, I feel that without them little progress could have been made, and so, I am now

going to attempt to put into words all the gratitude that I have felt during these past months.

The first person ,I came in contact with (outside my own laboratory), was Maj. Larry Fehrenbacher

of the Aerospace Research Laboratory (ARL). Through him, nearly every door of ARL was iiterally

opened at one time or another. It was his motivation and interest that made this problem mean more to

me than just a "block to fill" and a "grade to record". The time, that ie took away from his own re-

search and study, was given willingly in the interest of solving an "operational problem". Through

Major Fehrenbacher, I met Dr. Tiernan, Dr. Hughes and Mr. Michael Taylor of ARL's Chemistry Branch.

These three men contributed significantly to this study. As in any investigation, problems arise and

"dead-ends" are incurred. These people would not take "no" for an answer, and always found a new

method of approach. The results they derived from spark source mass spectrometry were priceless.

Major Fehrenbacher also introduced me to Dr. W. Haas of the Surface Analysis Branch of ARL.

His study of detector surfaccs via Auger spectrometry, also gave a great insight into the attack that took

place on these surfaces.

I am also indebted to Di. W. Baun and Mr. James Solomon of the Air Force Materials Laboratory.

Their analyses of G.M tube surfaces (by the scanning electron microprobe) provided many pictures of

the coirosion that caused the detectors to fail.

In the Flight Dynamics Laboratory, there is one special person that gave me and my problems

many houis of his off-duty time. This time was given at the expense of himself and his family, and so,

to Capt. Denny Rossbach .ind his wife, I say "thank you". i
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There are tw) extremrely important people, whom I feel. never "eally comprehended how much I

appreciated their assistanLe: My thesis advisor Dr. George John and my laboratory advisor Capt. Robert

Couch. Without their sugg -stions, questions, and answers this study would have been doomed to failure.

In that this thesis was a si :cess, directly reflects their dedication aui sincerity. To Dr. John and Capt.

Couch I extend my sincere gratitude.

There are many othei, to whom I would like to thank, but spate prohibits it. So in short, I itaani

Mr. Brennan Gisclard, Mr. J inies Clark, Lt. Larry Tessler, the -arshaw Chemical Companiyand all those people

who added to this study.

The last and greatest lebt of gratitt'de is owed to my wife and 'amily. 'Without their love, confidence,

and patience, I could never have accomplished the task of gaining this degree.

This work was performed under the charge number 337A at the Air Force Flight Dynamics

Laboratory, Cofitrol Systems Development Branch (FGL), Wright-Patterson AFB, Ohio.

Dayton, Ohio Dale E. Morin

March 1972
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I

Abstract

The causes of failure of the G-M detectors used in :he nudeoilz oil gauging system of USAF

aircraft are presented. Experimental tests performed on several tubes, in simulated aircraft environ-

ments, proved that the detectors fail because of a depletion of the ha ogen quench gas. A variety of

surface analyses established that the halogen gas reacted with both th( cathode and anode surfaces.

On the cathode the halogen (bromine) attack was always co-located % ith lead deposits and the only

known source of lead inside the counter is from the glass solder used as the tube sealant.

The anode showed two types of bromine attack: A fairly uniform attack of the entire surface

and a highly localized attack on abraded regions. These abrasions wer.- evident on every detector that

failed in the simulated aircraft environment.

Recommendations are made to increase the G-M tube longevity. Implementing these recommen-

dations require only minor modifications to the basic system.

! vii
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I. Introduction

Problem

The operational re.' ness of approximately 1500 aircraft, which employ the nucleonic oil gauging

system, has been impaired )y the failure of the Geiger-Muller (G-M) detectors used as seasors in this

system. This thesis reports the causes of failure and the methods for increasing the longevity of G-M

detectors in the high-tempe ature and vibrational environment of the iet engine.

Background

Until recently, the me.hod most used to ascertain the presence of oil in the engine (during

flight) was a pressure-sensin, system. Unfortunately, the pressure in the oil lines remains almost constant

until the oil reseivoir is emp:y and under optimum conditions the engine will continue to operate for

only another 15 minutes. Thus, a means of ascertaining "real" time measurements of the oil quantity

is extremely advantageous. The nucleonic oil gauging system is capable of giving this information and

has been credited with saving several airplanes. As an additional emphasis, the Tactical Air Command

has made this system mandatory on all new single-engine aircraft.

Goals and Approach

In light of the need for more rugged G.M tubes, this thesis has as its goals:

1. To determine how and why the aircraft G-M tubes fail so rapidly,

2. To determine how their useful lifetimes may be extended, and

3. To develop a tiuly rugged, long life G-M tube.

A review of G-M tube theory is presented as a first step in approaching tis prcblem. This

review stresses the aging characteristics, causes of failure, and methods of ex'ending a counters life-

time and is used as a comparison and guide throughout the experimental section.

The second section reports thc results gained from the two experimental aeeas: The environ-

mental tests and the supplementary tests. The environmental tests were conducted under highly con-

trolled conditions, designed to reproduce the temperatures and vibrations of the jet engine. The results

of these tests (performed on new tubes) are compared with aging and failure characteristics gained from

literature searches. The data gathered from elaborate surface analyses performed on namberous detec-

tors is reported and shows exactly how and why these detectors failed.

The results of the supplementary tests are used to illustrate how the materials ar.d design of aircraft

G-M tubes can be adjusted so that extensions to operational lifetimes are achieved.
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In the lact S--ction (Conclusions and Recomnendations) metho Is are suggested by which the air.

craft detectors can be n,,ified to increase their longevity and yield a truly rugged G-M tube.

2



GPH/PiI/72-14

1I. Theoretic i Considerati.)ns

The basic theory of halogen-quenched G-M counters must be untcerstood, so that comparisons

L can be made and conclusions drawn from the results of the experimetal tests. The following is a

I , summary of that theory % ,ich is presented in greater detail in Appen'iix A.

Summary of Haloeen-Quenched G-M C,;unter Operations

The theory of G-M tube opr;,tions has been studied extensively )y Rose, Korff, Present, Liebson,

Curran,.Craggs, Friedman, Loeb and -. number of others who. have con- ributed to the development of

the fundamental principles. In order tu -ummarize their works clearly and as concise as possible, the

theory is presented in five main parts. The parts are presented in the order in which they are listed:

1. The description of aircraft G-M tubes,

2. The formation and spread of the discharge,

3. The process of quenching the discharge,

4. The aging characteristics of G-M tubes, and

5. T ie recommendations for increasing the longevity of G-M tubes.

The Description of Aircraft G-M Tubes. Halogen.quenched G-M tubes are presently used on USAF

aircraft, and consist of two concentric cylinders. The inner cylinder, or anode, is a taut wire, which is

maintained at a positive potential and insulated from the outer cylinder (or cathode). The space be-

tween these two cylinders is filled, to a pressure of approximately one-half atmosphere, with a gas mixture.

This mixture is a combination of ;,pproximately 98.4 percent neon, 0.1 prircent argon and 1.5 percent

halogen (bromine or chlorine), where the neon gas acts as the "carrier" of the discharge. The actual

tubes used on aircraft , are discussed in further detail in the Experimental Equipment section and also

in Ref 22: i-12.

The Formation and Spread of the Discharge. This section explicates the essentials of radiation

detection: The initial ionization process and the spread of the discharge.

1. The Initial Ionization Process. This process can be initiated only if three conditions are

met:

1. The potential on the anode must be greater than or equal to the starting voltage (Vs) of

the detector,

2. The detector must be in a radiation field, and

3. An electron must penetrate into the sensitive volume between the cathode and anode.

The first condition is necessary so that the field between the cylinders is great enough to support a

3
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discharge. The second ard third conditions are closely related, since it is the radiation field which

gives rise to the electrons that penetrate the sensitive volume. To review some of the characteristics

of this field will aid in unlerstanding the overall ionization processes. A radiation field is composed of

a , , y ,and x-radi.:" ,n with energies characteristic of the emitting sjurce. As stated in the Intro-

duction, the sour-e used .n the aircraft is KrS5, which emits a ' 0.67 Mel. (maximum) and a 3y =0.52 MeV.

The emitted photons (-y tarticlesi generate the electrons thot penetrate the sensitive volume and eventually

cause the discharge to oc, jr. However. prior to discussing the discharge formation, more consideration

should be given to the gen .ration of these electrons.

There aie three .. ;. tanisms by which electrons can be produced:

I. Pair production,

2. Phooelectric efft ct in the gas or cathode walls, and

3. Compton effect i, the gas or cathoce walls.

Pair production requires an energy greater than 1.02 MeV to occur with any significant probability.

Since Kr85 emits no photons at or above tlus energy, then pair production is of no interest.

Photoelectric and Compton effects also depend upon the energy of the photon, but both are

possible at energies below 1.02 MeV, and definitely occur when Kr 8 5 is used. These effects are also

dependent upon the density and atomic number of the cathode material. From considerations of

density and cross-sections of the gas and cathode walls, it can be assumed that both photoelec'.ric

and Compton events will occur most probably in the cathode walls (as a matter of fact, both of

these processes do occur and Pre of nearly equil importance). Therefore, these processes in the cathode

walls constitute the primary sources of energetic electrons, that initiate discharges in the G-M tube.

Once an energetic electron has penetrated the sensitive volume, it drifts toward the anode under

the influence of the electric field (E). This field is characteristik, of one formed between two concentric

cylinders and varies according to the following equation:

V

rn

where V is the potential applied to the anode wire and ra and rb are the radii of the anode and cathode

respectively such that ra ( r ( rb. As the electron traverses the sensitive volume of the detector, it

collides with neon atoms, producing ion pairs. The electrons from these ion pairs also drift toward the

anode under the influence of the E.field and when they are near the center wire [approximately 5 wire

radii (Ref 32:170)1, they will have gained sufficient kinetic eneigy to produce additional ion pairs. These

in turn, produce more ionization in a cascading process, which eventually results in a discharge that

4
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completely encompasses the anode wire. The formation of the initiz- discharee in his manner is

co mon to both G-M tubts and proportional counters. However, th . spread of this discharge down

the anode differentiates G :iger.Muller tubes from proportional count( rs.

2. The Spread of th.- Discharge. The actual nwechanism for t!.:spreadof a discharge, was un-

explained for a long time. although photons were always considered "o ilay an importan! role. The

best current explanation is that the photons emitted from the energetic species of an avalanche, bare

wide varieties of energies a id thus ionize other atoms or molecules i4& the gas. Through ionization,

electrons are-released which.feed.a-new avalance and thus the process continues. This ionizing process

will now be discussed in gimaer Aeiaii io show zie source of photons and what species can subsequently

be ionized.

Neon is the most likely candidate, as the photon generating species, since i! comprises over

98 percent of the mixture and argon combined with the halogen gas only constitutes 2 percent of the

mixture. Therefore, the rl.otons radiated by neon mist now ionize some other molecule or atom in

the mixture. It is not likey that a neon generated photon will have sufficient energy to ionize

another neon atom, nor is it probable that argon, in its small percentage, could significantly add to

this process and the same could be said of the halogen gas, since neither brorn-e or chlorine appreciably

absorb photons (Ref 31:345). Thus, if the process is to continue, an additive absorption of energies

(collisional and photon) must lead to ionization of neon atoms. Each successive avalanche moves the

discharge slightly further down the wire, until the entire length has been traversed. The velocity of this

spread has been measured by several observers to be approximately 107cm/sec (Refs 15:179, 32:192).

The end result of the discharge spread is a pulse whose height is independent of die iitial ionizing

event.

This section has shown how the discharge is formed, spreads the length of tle anode, and yields

a pulse that can be detected. The original discharge must now be quenched, to prevent the possibility

of subsequent discharges (which would yield spurious counts).

Quenching the Discharge. The G-M counter is only accurate if it produces an output pulse

rate proportional to incident radiation rate. Thus, each discharge origina.,:d by an ionizing event, must

be terminated. This terminating process is known as quenching and is accomplished by:

1. The positive ion sheath,

2. The internal gases, and

3. The external circuitry.

As the discharge forms and traverses the cotntcr iength, the electrons are collected on the anode

5
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leaving a positive-ion sheath surrounding the wire. This sheah reduces the E-field near the center wire.
decreasing the probability of an avalanche forming, and in this way, icts as a quenching mechanism.

The positive ion sheath then drifts radially outward toward the athode and when it has reached

a critical distance [critical radius (rc) ] from the center wife, the field near the anode increases sufficiently

that another avalanche and discharge can occur. The positive-ion she ith thus succeeds in delaying a
second discharge from occurring, hlowever. once it has moved past re, another discharge could form
and thus give spurious counts. In order to prevent this, the energetic species created in the discharge, are

neutralized by using quench gases. During the discharge, the metastal le states of neon are readily ex-

cited-and if allhwed-to-exist, wouid eventually radiate-enough energ, :o re-initiate the discharge. How-

ever, argon, bromine, and chlorine have ionization potentials below !Ie neon metastable-state energy

level. Thus, a collision between the metastable-state and any of the other gas atoms mentioned, results

in a neon metastable de-excitation. When a neon metastable atom collides with an argon atom the

argon is ionized in the process. The argon ions then drift in the E-fie'd toward the cathode. but

"charge exchange" with a halogen molecule before they reach the catiiode.

The same basic neutralizing process is followed when a collision occurs between excited neon

atoms and halogen moecules, except that the ionized halogen molecules will be neutralized by absorbing

an electron from the cathode wall. Upon neutralization, the halogen molecule dissociates into two highly

reactive atoms. These ztoms eventually recombine to form a neutral halogen molecule, if chemical re-
actions with the internal surfaces do not occur first. This illustrates both the greatest advantage and dis-

advantage of using halogen gases. Since the dissociated halogen molecule will recombine to form the

original quenching gas implies that the detector should last indefinately. However, since these dissociated

species are highly reactive, special precautions must be taken to insure that all the internal surfaces are

totally halogen resistant. Although halogen gases definitely quench the discharge, the resulting plateaus

(count-rate versus applied voltage) art, generally short and steep, and a third qu.nching mechanism is
needed to increase the effective voltage range of ta G-M tube.

The entire quenching process can also be performed by the use Gf clectricai circuits, but tradi-

tionally the recovery time (i.e., the time required for the positive-ion sheath to be neutralized) is very

slow. External circuitry can be used in two ways tu quench the discharge: Actively through quenching

circuits, and passively by increasing the impedance of the sensing circuit. The active quenching process

is not used on aircraft and thus will not be explained in this account. However, if further information

is desired, reference is made to Price (Ref 25 118-123).

The passive quenching process is used in the nucleonic oil gauging system and its operation is

explained next. As a preliminary investigation to this thesis, a simple experiment was performed

6
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in which a counte: was o )erated in a circuit with "zero" impedance. The result was that the counter

began operating nrmaUy at V5 ar,,i ihe internal (space charge) mechanisms were sufficient to quench

the discharge up to a cert tin voltage, called the critical voltage (Vc). Once VC was reached, two distinct

pulse shapes were dete-teJ: A small pulse, wiich was the typical pulse noted below Vc, and a much

larger pulse which was dLt ected upon ;eaching Vc. The small pulses signified the discharges quenched

by the internal mechaniz,, and the large pulses were found to be quenched by a combination of

circuit impedance and inur rr-l mechanisms.

In the low impedanc- circuit, the counter went .;:.:o continuous discharge at Vc +-', 10 volts,

but it was fouhd'tliat by ;acreasing the circuit impeti-ance, a greater vol age could be applied to the tubes

before it would go into cc ntinuous dischare. This gave the counter a wider operating voltage sp-n, or

plateau. With this in mint , an additional resistance 1load resistor (RL) ] was placed in series immediately

behind the counter. In escence, the load resistance increases the circuit impedance and thus the operating

range of the counter.

A second experiment was performed to determine the optimum circuit position for RL. It was

found that the advantageous efiect of ihc load ,osist.- wms decreased as it was movel further from the

G-M tube. This implies that, for best results, the load resistance should be as close as possible to the

counter. Another result of this experiment indicated that the size of RL is not as important as its

presence or position, (i.e., a resistance of 1.OM fz. has the same basic effect as a 5.0Mg1 resistor).

This completes the section on quenching the discharge. In summary, this account of ":e theory

has: Described the tubes used on the aircraft, explained how the discharge process takes place and

sprL is, and finally, how the discharge is quenched so that a truly representative counting of the radiation

field is attained. The next section in this account will deal with the known aging characteristics of

G-NM tubes.

Known Aging Characteristics

The importance of this section cannot be overstressed, for these aging characte:istics will be used

for guide lines throughout the remainder of this thesis. This section is divided into three parts, each

dealing with one of the following characteristics:

.1. The effect of aging on Vs?

2. The effect of aging on the plateau, and

3. The occurance of oscillations in aged tubes.

1. The Effect of Aging on V Starting voltage is defined herein as the potential that must be
s

applied to the G-M counter in order to detect pulses with heights of ^- 20in volt. If this voltage were

monitored during the aging of the tube, a decrease would be noted. This decrease is thouglt to be caused

7
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by a depletion of te halogen ga, through reactions with the i.aternal .urfaces of the counter. It has

been assumed, by many authors. that these reactions ate caused by the highly er ergetic dissociated

halogen species and since ti ey are formed close to the cathode, thi.; sirface should bear the brunt of

the halogen attack. [Little significant data has been found to conf- this, or what (if any) attack is

inflicted on the anode.) H.wever, experiments performed by Liebsoi and Friedman and by Ward and

Krumbein (Ref 19:304, 32: 342), do prce that a decrease in Vs will -ccompany a reduction in the amount

of hWlegen gas within the dt tector. Therefore, since the starting voltaqe can be monitored accurately

and easily, this should be ti e first indication that any given tube is agi ig. Once the drop in Vs is
significant, a study of tile F.ateau should reveal considerable siglit h-i.o the detectors' operational

status.

2. The Effect of Aeipg on the Plateau. The second aging chara :teristic that should be noted

is changes in the plateau. As was briefly mentioned before, the plateat is a plot of the count-rate of

the detector versus the voltage that is applied to it. The length and slope of this plateau, depends upon

a number of variables. Sor.e of these are: the pressure in the chamber, the type of filling gas, the

percentage of halogen gas, and the cathode material. E iwever, for each set of initial conditions a

corresponding plate.Lu will exist and the changes in this cui.e are indicative of the detectors status.

In the last section, it was determined that the starting voltage should decrease with age. Assuming

this is correct, then a corresponding shift in the starting point of the plateau should also occur. Again,

from the first aging characteristic, it was noted that this reduction in Vs is due to a loss of halogen gas.

If this is true, then as the halogen gas is depleted, the quenching ability of the detector is also reduced

and the plateau should show a decrease in length. This reduction in quenching ability should also lead

to an increase in the slope of the curve, since more spurious and multiple pulses can occur.

Thus, two different but related aging characteristics, can easily be followed and the status of the

detec" -r can likewise be monitored. There is one last characteristic that occurs in the aging process of

a halogen G-M tube and this is discussed next.

3. The Occurrence of Oscillations in Aged Tubes. This last characteristic has been noted by many

observers, but Liebson and Friedman were among the first (Ref 19:305). The most compiehensive

and current explanation of this phenomena has been forwarded by Usacev and Seman (Ref 29:41-44).

The oscillations noted in these references, generally occur in the vicinity of Vs and although there

have been basically three different patterns noted, the frequency always lies in a range between 151lz

and 40 liz. It must be realized that this phenomena occurs only when the amount of halogen gas is

very small. Therefore, the oscillations are more indicative of failure rather than aging and they -annot

really be used to monitor the status of a G.M tube.

8
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In summary, there are two characteristics that can be :ontinuously monitored to determined the

operational status of the G-M tube (changes in Vs and changes in de plateau) and one phenomena that

is more indicative of detector failure (oscillations). These three char icteristics were used to evaluate the

status of counters tested in this study.

Remnmmendtinn for In-reiisino lhe I nnoevity af G-M Tihe Before any recommendations can

can be made for extending the lifetime of G-NI tubes, a review of ho v and why they fail is required.

From the aging characteristics it is noted that detectors age beciuse the halogen gas is depleted.

In theory, this depletion occurs when the dissociated halogen species react with the internal surfaces

of ile counter. Therefore, the only recommendation that thieory for vards is to use halogen inert

materials for the internal surfaces. The materials most referred to a.,: Stainless steel, tantalum and

platinum. However, data gathered from corrosion handbooks (Ref 29:145, 321, 303) indicate that all

these materials Are attacked by halogens at temperfitures above 1000 C and this temperature is below

those experienced on jet engines. Thus, it appears that part of this thesis must be devoted to finding

new materials and methods for extending the lifetimes of G-M counttrs.

9
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III. Experimental Equirp.ent

In this section tl- basic equipment used in the experimental rortions of this thesis will be de-

scribed. This description will not concern itself with the details of oroprietary processes or the special

equipment used in performing the analyses on failed G.M tubes. ic,wever, further information and

references are given in Appendix C.

The Geiger-Muller Tubes

The halogen-quenched G-M tubes used throughout this study v ere basically thc sane as those

employeld in the A-7D air'craftand were

manufactured by the Harshaw Chemical

Company. These tubes have an overall ,

and effective length of 5.5 inches and
A

3.8 inches respectively, and an out-

side diameter of 0.29 inches (see Fig.l).

The cathode is basically a 446

stainless steel cylinder, with a wall

thickness of approximately 0.02 inches. e

The internal surfaces of the cathode

undergo a series of proprietary processes Fig. 1. A Harshaw Geiger-Muller Tube

which are designed to increase the

detectors longevity and efficier:y. One of the most important process,!s is an electroplated platinum

layer on the cathode surface, which is approximately 15 microns thick and has a surface coverage of

8-15 mgms/cm 2 (Ref 22:4). Once the plating process is complete, then the surface undergoes oxidat;on

and passivation steps to produce a halogen inert surface.

The anode is a 17-7 PH stainless steel wire whose di r is about 25 mils. This wire is mounted

in the detector under a tensin in order to produce a resonz.. frequency between 800 Hz and 900 Hz.

The wire, althoug, not plated, undergoes the same oxidation and passivation processes as the cathode,

and is insulated from the cathode through the use of forsterite insulators.

Once the G-M tube is assembled and sealed (using glass solder), the chamber is filled to a pressure

of 350-400 torr with a gas mixture. This mixture is composed of 98.4 percent neon, 0.1 percent argon,

and 1.5 percent bromine.

10
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The Electronic C;rcuitrv

The circuit employed in the ex-

perimental tests. to dctect Geiger pulset, G-M Tube c

is shown in Fig. 2. T!,; circuit is com- Output

posed of; a high voltage source, a load

resistor, (RL), a sensing .sistor (R).

a capacitor (C), and a G- ,1 tube. Although

various high voltage sourc. s were employed,

the discussion of these %,ill be postponed'-

to the electronic equipmc at section.

Both the load resistor (w ten used) and

the sensing resistor were .bout 5M.O.
Fig. 2. The Fundamental Sensing Circuit Used in

Even though only one capacitor is Experimental Testing

shown in the diagram, there are four different sources of capacitance: The G.M tube, the coaxial cable,

the oscilloscope, and the listed capacitor. The G-M tube is composed of two concentric cylinders and

thus produces a corresponding capacitance. The value of this capacitance was calculated to be 2.02 pf.

The second capacitance is derived from the length of the coaxial cable between the G-M detector

and the sensing circuit. The cable used in this study has a value of 15-20 pf/ft.

The oscilloscope has a built-in capacitor when the AC position of the scope is used. This capacitance

is in series with the scope input and has a constant value of 47 pf.

The last circuit capacitance is a 0.05At f capacitor, that is also in series with the scope input. How-

ever, if the AC position of the scope is used, then this capacitor is not required and has no effect on

the detected pulses.

The High Voltage Sources. As stated in the discussion of the sensing circuit, various higp voltage

(HV) sources were used in performing the experiments. All of these were off-the-shelf products and were

employed in two methods: As a primary and as a secondary source. The primary source required a

variable output from 0-2000 volts DC, and the secondary supplies were used to augment or "buck"

the primary supply. The secondary supplies generally had a constant output of approximately 300 volts

DC. The amount of secondary voltage input to the circuit (to "buck" or augment) was regulated via

precision potentiometers.

Pulse Detecting and Recording Equipment. The Geiger pulses were observed on a Tektronix 535

oscilloscope using a type M plug-in unit. The "veitical output" of the scope was used to operate; a

RIDL single channel analyzer anl scaler.timer and a Tullamore count-rate.mneter. These were used to

11



ILg 3.Tpcl3j ue lta



GEP/PH/72-14

count the pulses and also to plot plateaus of count-rate versus applie I voltage.

The "plateau plotter" utilized a separate HV supply in conjunction with a 2000 -olt operational

amplifier. This combinati n enabled a voltage span to be swept horh ontally along the X-axis of ar X-Y

recorder. The Y-axis of if e recorder was connected to the output . the count-rate meter and thus,

complete plateaus (as in Fig. 3) were made entirely automati-.ally.

The Radiation Sources
The primary'radiatioi source was 250.# curies of Cs1 . CS13 emits a 3,0-52 MeV (maximum)

-and a-Y = 0:66 MeV. Two additional sources were used for the -effici ncy experiments; Kr85 and Co6 0.

Although Kr85 radiates bo h P and 'y rays, the amount of -y radiation comprises a very small percentage

(0.4 percent) of the total radiation. Therefore, a greater amount of it was used (4.0 curies). Kr85 has

radiated energies of 0.67 MeV (maximum nd -' = 0.54 MeV.

The Co60 source has a much higher percentage of y radiation, thus 200A curies were used.

The radiated energy is in tl-e form of j37, 0.314 MeV and ' 1.17 and 1.33 MeV (all listed radi?:ions

were taken from Ref 11:450-504).

12
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IV. Exoerimental Tests, Procedirs and Results

Introduction

It was stated in the introduction that the basic problem with %he Nucleonic Oil Gauging System, is

in the short life of the G-M tubes. Also, it was noted in theory, thaz G-M tubes fail because the halogen

gas is lost due to reactions with the internal surfaces (most notably he cathode). With these facts in

mind, it is the purpose of this section :o ascertain answers to the fo lowing questions:

1. Do the aircraft G-M tubes age and fail because the halogen ,as is being depleted?

-.2. ..If.so; ,whiee does~th e-loss.othlogo~n :gas "occur?

3. Why does this loss occur?

4. Can this loss be reduced or eliminated?

With the answers to these questions as the goal, two environmental tests were performed:

Lifetime testing of G.M tubes in 2000C temperature and lifetime testing of G-M tubes in a combined

environment (i.e., 2000C temperature and simulated aircraft vibratiors).

In conjunction with the environmental tests, several analysis methods were performed on both new

and failed tubes in order to determine any relative changes in the counter surfaces and/or gas com-

position. In the following list, the first three methods were used for surface analysis and the last two

were used for gas analysis:

1. The Spark Socrce Mass Spectrometer,

2. The Auger Spectrometer,

3. The Scanning Electron Microprobe,

A. Tie Wet Chemical Gas Analyzer, and

5. The 21491 Mass Spectrometer.

Further information on these methods is contained in Appendix C.

The two supplementary experiments were conducted in the areas of counter efficiency and

vibrations, to gain the following information:

1. To find the variation in detector efficiency, with changes in cathode materials and dimensions,

2. To find materials which were basically halogen resistant, and

3. To find materials capable of withstanding the vibrations of the aircraft.

A preliminary analysis was made on a new tube, in order that relative comparisons could be made

with aged and failed tubes from the environmental experiments. Tha results will be presented now, so

that they will be available for u.e throughout this paper. The findings of the various analytical methods

are listed in Table I, and summarized in the order in which they were listed above. Only two of these

13
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methods (scanning electron microprobe, and the wet chemical gas anziysis) approach quantitative re-

sults and so relative chanrgs must be relied upon to draw conclusions.

Analysis of a New G-.M Tu e

The Spark Source S'- ctrometer Analysis: This methed reve'.leJ traces of hydrocarbons and

negligible amounts of brorine on the cathode. It also disclosed that the anode suffered an insignificant

amount of bromine attack. The overall composition of the surfaces v ere very closely alligned with the

manufacturer's patent (Ref 22:4); the only exception being the amornt of electroplated platinum was

not uniform and in some a .-as non-existant.

'The Auger'Spectronie:er Anaivsis. Auger'Spectrometry revealc, no bromine on the cathode

wails, however, the presencL of hydrocarbons was fairly uniform. T:e primary composition of the cathode

surface (from 0 to 200 A ) is nickel-oxide with small quantities of pla .inum, iron. and chromium present.

Analysis of the anode did show a very thin uniform layer of bromine.

The Scanning Electron Microprobe Analysis. These results confirm those of Auger spectroscopy.

The only differences were in the composition of the cathode. The microprobe revealed a definite layer

of platinum on the surface and beneath this was layer of nickel. The platinum layer was by no means

uniform and contained cracks, notches, and holes in which nickel, iron, and chromium could be detected.

The Wet Chemical Gas Analysis. if a new tube was filled accrding to the manufacturer's patent

(Ref 22:4), then it should contain '\, 150 N gins of bromine. Results from this analysis revealed 108,u

gins were actually present. This deviation could be due to a lower total pressure ((350 torr), lower

halogen percentage ((1.5%), or a combination of the two, but this quantity is considered to be within

mass production limits.

The Mass Spectrometer Gas Analysk. The Mass Spectrometer was iot used to sample the gases

from a new tube, but was employed in the analysis of failed detectors and also several detectors, sent

to the Air Force Flight Dynamics Laboratory fre' . the "field".

Since little was known about the aging characteristics of the Harshaw geiger tubes, it was felt

that a test in the simulated aircraft environment (i.e., both thermal and vibration) would not be irnmedia!ely

advisable. Instead, a test was first performed in a thermal environment where the complications of the

vibrations were not present. This approach also gave considerable basic information on the aging charac-

teristics of these detectors, which proved to be extremely valuable when the combined environmental

testing was performed.

Lifetime Testing of G-M Tubes in 2000 C Temperature

As was stated before, this experiment was performed to gain basic information on the aging

14
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characteristics of the airc, aft G-.M tubes in a highly controlled temperature environment. The constant

high temperature zxperiment was preferred to either a cyclic or ambient temperature test since the

dissociated halogen specie" have higher reaction rates at elevated temperatures, and therefore this would

constitute a "worst-co.d-ion" test.

Procedures. This e. veriment used six tubes divided into two tests. The first test consisted

of three counters operatc, via manual pulse height control (i.e., the charge per pulse was controlled),

where the applied voltage ,vas always maintained below Vc. Since the reduced charge per pulse produces

fewer energetic species (pe- pulse), the halogen gas has fewer excited species to quench (per pulse) and

the end result should'be - i increase inlifetitcfor any given detector.

The second test was performed on the remaining three tubes, which were operated in the same

manner as in the aircraft p .aging system. That is, each tube utilized a 5.1 M. load resistor and was

operated at a constant 70C volts. When a detector failed, while operating in this configuration, its

voltage was reduced to below Vc and the tube was operated under manual pulse height control. This

was done to find whether the tube would rejuvenate itself or not. and if so, to determine what ex-

tension of lifetimes could be achieved.

Results. The results of this experiment are listed in Table II.

1. The Aging Characteristics. As indicated in Table II, the starting voltages dropped on every

tube, as predicted. The drop-rate was approximately 45 volts]100 hours of testing. for the first 200

hours. This rate then decreased to below 7 volts/100 hours for the remainder of the experiment.

The changes in plateau shape were less well defined, but a pattern did develop and these changes

will be discussed according to the modes of operation (i.e., with and without pulse height control). The

starting points for the plateaus, of those tubes using pulse height control, reduced in voltage as V de-

creased. The plateau remained flat (2 percent increase in countrate per 100 volts change in potential)

throughout the experiment. The most prominent indication of failure was when the detector became

statistically unreliable as a "random event" counter. A very notable result of the experiment is that the

average lifetimes of these tubes were twice those operated at a constant 700 volts.

The plateaus of the detectors operated at a constant 700 volts, had the same basic changes with

Vs. lowever, as the tube aged, the upper end of the plateau (the multiple pulse region) decreased in

voltage also. The tube would fail when the multiple pul;e region coincided with the applied 700 volts.

This tube would have to be replaced, at this time, if it were in an aircraft, but according to the proce-

dures, the voltages were subsequently reduced below Vc and operation was continued using pulse height

control. Wihen this was accomplished, every tube rejuvenated itself and the average lifetimes were increased

by a factor of between 3 and -t (350.1200 hours). An explanation of this phenomena is that, as the tube
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ages, the hro.:e conten: decreases. However, since the tube is opi rated at a constant 700 volts, the

same approximate numb:- of energetic species are created per pulse (with small changes due to pulse

heights). This means that a smaller quantity of bromine must perfolim the same quenching processes

and therefore, there is Ics: time allowed for the dissociated secic- o recombine. The result is a rapid

on-set ei the multiple pusc region. Once the voltage is red:ced, a-J the pulse heights c"-ntrolled, the

number of excited species per pulse is reduced, yielding more recom ination time and thus, the reju-

venation of the detector's plateau and the extension of its useful lifetime.

It is indicated, by tle changes in Vs , that the halogen gas is be ng depleted. In order to confirm

this and to determine wh: re the loss took place, two analysis mrethG Is were performed: The wet chem-

ical gas analysis and the spark source mass spectrometer surface anal:'sis. These will be discussed in the

order listed.

2. The Wet Chemical Gas Analysis. Three tubes were analyz-d for bromine content and each

showed a significant decrease. The average bromine content was "', 17.,M gms as compared to 108M

gins in a new detector. Thus, the loss of halogen gas is confirmed. Still unanswered is the problem of

where this loss takes place.

3. Spark Source SpeLtrometer Analysis. The spark source mass spectrometer was used to analyze

each of the three tubes and significant quantities of bromine were found on the ;ntemal surfaces and

most notably the anode. The results show there was an average of 8.5 times more bromine (per spot

analyzed) on the anode than on the cathode. The greatest amount of bromine attack still takes place

on the cathode, since it has ten times the surface area, but the attack on the anode is significant.

A literature search revealed little information about halogen attack on the anode or about the formation

of negative bromine ions. which are the only known species that could accentuate the anode attack.

However, it is plausible that a variety of highly active negative species are formed within the concentrated

plasma discharge along the anode wire.

From this lu2i temperature experiment, consideiable detailed information has been gained on the

aging phenomena of aircraft G-M tubes. However, the information is of restricted value since the total

aircraft environment has not been duplicated. The basis has been laid and the results of the combined

environmental experiment will be described next.

Lifetime Testing of G-M Tubes in a Simulated Aircraft Environment

With the knowledge that these G.M tul'es age and fail because the excited halogen species attack

the internal surfaces, a study of the additional effects caused by vibration should c '.plet, the answers

of how and why these tubes fail so qui-kly in the aircraft.
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Procedures. The thrrmal portion of the experiment was conduc. ed as before (i.e., the temperature.

was maintained at a consta'it 2000 C). In order to simulate the vibrations of the engine, a :apc oi 11-41

engine vibrations (tie engin. used in the A-7D) was studied by the Ccribined Enviropments Branch of the

Air Force Flight Dynamic; Laboratory. Through this study a simul:a,J n was derived which consisted of

two simultaneously operat,.d components: A continuous random background noise ind a swceping sinusodiat

wave. (A graph of the total simulated vibration is contained in Fig. 4). The random background noise was

operated at 0.1 g2 .Hz and h id 3db/octave "rollo~ff points" set at 100 H = and 1500 Hz.

The sweeping sinusod.al wave covered the range of all the anode r, soriant frequencies (fl) and was

operated at 5.0 g's (rms). Tie rate of the sweep was adjusted so that ca-h anode was excited to its peak

amplitude (at fl) during each sweep. Although this rate depends upon the spread in frequencies of the

wires, for this experiment it was -"8 Hz/sec. The overall advantage; of t is method of vibration testing are:

1. It is easy to reproduce,

2. It is more characteristic of all TF-41 engines than a tape, and

3. It can be used in batch testing.

A technical report will be written, at a later date, which will give the complete details of this mode of

testing (Ref 4).

As in the thermal experiment, this test mas also divided into two parts: Three tubes were operated

with load resistors (5.1 MQ) and at a constant 700 volts and three tubes were operated with pulse height

control. For the three PHC tubes, automatic pulse height controlling circuits (currently under development)

were scheduled to be used, but because a "current leak" existed between the tubes and grcund,the prototype

circuits could not be utilized. Manual control (at potentials below Vc) was also eliminated for the following

reason: Because the amplitude of the anode wire was large at f, (-0.l inches), the field between the anode

and the cathode increased greatly at f, and, as a result, even with potentials below Vs, the pulse heights

would be large and more characteristic of those above Vc. In essence, lit:le control of the charge per pulse

was being obtained. Thus, another method had to be found and since the amount of charge in an "uncon-

trolled" pulse is ^9000 p coulombs and the charge in a "controlled" pulse is only *-70 p coulombs, it was

decided that the effect of a "perfect" controlling circuit could be simulated by operating the detectors with

no applied voltage (i.e., no charge per pulse).

The sequence of pictures shown in Fig. 5.6, and 7, depict the pulses of tubes using; no pulse

height control (Fig. 5), manual pulse height control below Vc (Fig. 6), and the automatic pulse height

controlling circuit (Fig. 7). The circuit used to pioduce the effect in Fig. 7, is presently under investi-

gation and development by the Air Force Flight. Dynamics Laboratory under the direction of Captain
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R. P. Couch. The same p ocedure was used as before, when a tube operating at a cot;tant 700 volts

failed (i.e. it was subsequently operated using pulse height control) or, as will be explained later, the

voltage would be removcc entirely. Again, it was desired to ascertain if the tubes would rejuvenate

themselves and if so, w- extensions to their lifetimes could be gained.

Results. Tlhe tabuk) ed results in Table Ill contain the aging data and the general surface and gas

analyses. These results co.-finn those found in the thermal experiment and also give considerable insight

into the factors leading to the depletion of the halogen gas. The following ',tmary discusses each of

the results listed in Table I I and in the following order: aging characteristics, surface analyses, and gas

analyses.

1. The Aing Charac teristics. The aging characteristics of these six tubes followed the same

pattern as in the thermal e zperiment, with the most notable factor being a drastic increase in the rate

of aging. Also, for the firs. time, the last known aging characteristic, oscillations, was detected. These

characteristics will be di:cussed as before (i.e., changes in Vs.then changes inplateau) with the electrical

oscillations being last. As in the thermal experiment, every tested detector showed considerable de-

creases in Vs, the mai difference being the rate of change. In the thermal environment this rate was

45 volts /100 hours and less for the entire test, however, in this experiment the rate was 600 volts! 100 hours

for the first 30 hours of testing. Although the test was concluded prior ,o the complete failure of all

tubes, the "best" detector showed a loss of 150 volts and the "worst" tube failed in only 6.0 hours

(see Table IIIA). It should be noted that at the end of the 53 hours, three of the six detectors had

failed in one form or another.

Basically, the changes in the plateaus were the same as those i~i the thermal experiment with the

most notable difference again being the increased rate. The failure indications were also similar. except

that th. detectors aged so rapidly that no real changes were noted in their counting accuracy before

they failed completely By examining the two different modes of operation, a better viewpoint on their

plateau changes can be gained. Those tubes using pulse height control , showed the same changes as

in the thermal experiment and they also had twice the average lifetimes of those operated at a constant

700 volts. The plateaus of all the tubes had a slope of ",2.0 percent/100 volts, and this increased to

5.0 percent[100 volts at the conclusion of the experiment. However, just prior to failure the count-

rate-increase could be as large as 10 percent/100 volts.

The counters operated at a constant 700 volts had the same general changes and percentages.

Two of these detectors failed before the test concluded and then continued their operatio. sing pulse

height control. Only one of these two tubes rejuvenated and it continued operating successfully until

the end of the experiment. In essence, the pulse height control extended its life by a factor of 8
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Table III A

Results From the Combined Environment Test

Aging Characteristics

Tube Number Method of Operation Total Vs  _ ifetime Lifetime
Drop ( ours) Extension

via P.H.C.

1 P.H.C * 280 **.0

2 P.H.C. * 150 ** 53.0

3 P.H.C. * 280 ** :.5

4 RL = 5.1 MD 194 ** C.0 49.0
and

VB 700 volts

5 RL = 5.1 MR 214 ** 53.0
and

VB = 700 volts

6 RL = 5.1 M.1 321 ** 18.2
and

VB = 700 volts

* PHC Pulse Height Control

*For further information see Appendix D
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F(see Tube st4, ','able I ). Although this is significant, it must be realized that the experimentonly

lasted 53 hours and thus even the pulse height controller cannot compensate for inadequate designs

or materials.

The last area o" t'ie aging characteristics, is the electrical oscillations. This phenomena occurs at

3 very low percentages o' halogen gas and in the case of these detectors, this quantity was less than 1 t.,

gins. An explanation t. this phenomena and three examples of oscillations are contained in the works

of Usacei, (Ref 30:43). A-l three of the r

reported oscillations wrr. noted in this

-experiment and -one-tnew ex-amnple -as
, V

shown in Fig. 8. This o cillation was 0". L

peculiar because of the 'damping" TS"

effect noted after every 2-3 cycles.

Another point of interest is that

there was a definite sequence, in TIME
Fig. 8. "Damped" Oscillations

which the various oscillations were

detected. Although every step in the sequence involved a continuous oscillation, the frequency ranged

from '15 Hz to 40 Hz and the amplitudes varied between 0.02 volts and 0.3 volts.

The results of the surface analyses for this experiment are extremely interesting and important.

In order to present these in a clear and precise manner, each method will be discussed in the following

order: Spark source mass spectrometry, Auger spectrometry, and scanning electron microprobe. There

is one result that should be noted first; on the anode of each failed tube, an abraied spot was found

which corresponded to the edges of the ceramic insulators. The depth of this spot varied between

different wires, but it was clearly visible to the unaided eye on every wire. Another connected side-

light of interest, is a test that was performed on both a Harshaw and a Techniques Geiger Muller (TGM)

tube. This experiment entailed vibrating each tube at the anodes' f1 and at 20 g's (mis). According

to military specifications (Ref 21:13), this test was to last at least one hour, with negligible changes in

the tested detectors. The liarshaw tubes' anode broke after \* 15 seconds. The TGM tube failed

after '20 minutes. In both cases the "break" occured at a point corresponding to the ceramic in-

sulators. This signifies that severe abrasion is taking place at 20 g's, and implies that the test is too

strenuous and/ or the detectors are below the required quality. At any rate, this spot was examined

closely by the spark source counter and Auger spectroscopy. An examination via the scanning electon

microprob',e is also under way but the results were not gathered as of this writing.
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2. The Spark Source Spectrometer Analysis. Investigction vi: spark source spectroscopy revealed

that definite quantities ol bromine (Br), lead (Pb)' and various hydrocarbons existed on the internal

surfaces, and so to make -.ure that all the information is presented, t.e cathode and anode surfaces

will be discussed in turn. TI.e cathodes showed the same basic m::.rials as before (i.e., Pt, Ni, Cr, and

Fe), but also pres.jit in s..nificant quantities were bromine and lead. As of this time, however, no

actual bromides have been iound.

The results for the a .ode were considerably different especial% in the areas around the abraded

spot. In these areas the b Lsic material was detected (Cr, Ni, and Fe) but more than this, bromine wzs

found in very high concer trations. Also present in significant quant.ties were iron bromide, lead,

lead bromide, and numberous hydrocarbons(e.g., C4 H9 , C7 H1 1 , C7 1113 )" A small trace of nickel

bromide was also present but this was extremely small as compared o a the other bromides.

3. Analysis by Auger Spectrometry. Auger spectroscopy conflimed the presence of bromine on

the cathode and anode. Shots made at numerous places along the cathode revealed a uniform bromine

layer and small quantities of lead. The basic cathode materials were the same as those listed in the

analysis of a new tube (see page number 14).

In analyzing the anode, emphasis was placed on the abraded spot. A thorough examination re-

vealed that less bromine was present on the spot than on areas closer to the longitudinal center of the

wire. Although this appears to conflict with the results of the spark source counter, the correlation

lies in the way the two different tubes failed. The tube analyzed by the spark source counter did

not totally fail prior to being removed from the experiment, however it had shown a considerable

degradation in performance. Since the halogen gas was not totally depleted, it continued to react with

the abraded spot and built up a cons.,drable deposit. Contrary to this, the tube examined by Auger

spectrometry, totally failed while remaining on vibrator. Thus the wire was continually rubbed clean

and therefore less bromine should be (and was) detected on this spo t than towards the longitudinal

center.

4. The Scanning Electron Microprobe Analysis. The last surface analysis was made via the

scanning electron microprobe and again definite formations of bromine on the cathode and anode were

evident. Up to this time it had been suspected that the bromine was attacking the platinum surface

or the iron through the holes in the platinum layer. The microprobe results showed that the bromine

was always co-located with lead deposits and vise.versa. For the first time a definite combination for

surface attack on both the cathode and anode was confirmed (Pb Br). A sequence of photographs

11 showing a cross-section scan of ti.:, various materials that m~ake up the cathode walls are in Figs. 9,
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Fig. 9. Cross-section Scan Fig. 10. Cross-sectiou Scan

of Cathode for Pt of Cathode for Ni

0.

i g. 11. Cross-section Scan Fig. 12. Cross-section Scan

of Cathode for Fe of Cathode for Cr

In each of the figures above, a line-scan was taken to find where the concentratien of Pt, Ni,

Fe, and Cr wzs located. The inner surface of die cathode is just to tte rigi.t of the black vertical

line. The remainder of the cathode goes off the picture to the right. As can be seen, Pt is the first

layer and then Ni. The remainder of the cathode is basically Cr-Fe.
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10, 11, and 12. The other two figures (13 and 14)show a lead spot and an x-ray scan for bromine

on that spot (thc bromine is located in the brightest groups on the dark spot of lead).

Microprobe results :evealed that significant bromine attack occurred on the anode. However,

contrary to spark source .ounter results, no lead

was detected. Recall tha when a new wire was ---

analyzed, a thin uniform bromin: layer was pre- I
sent, however, that analys.s was made using 10

KeV electrons. On the other hand, the scans made

for bromine on this wire utilized 30 KeV electrons,

which implies a more pen -tTating bromine attack. I
There was no uniform layer at this depth but

there were considerable areas of attack (see

Fig. 15). Although an abraded wire has not

yet been analyzed by this method, the arrange- Fig. 1 3. Lead Spot on Cathode

ments have been made to do so. Unfortunately, r

the results were not available prior to the writing

of this paper.

The question arises here as to where the lead :
comes from and how it disperses itself through. .6

out the chamber. The total answer is not known,

but the only source of lead in the tube is from the

solder glass (which is basically a lead oxide). It was

forwarded that the lead contamination occurred

ing the curing cycle, and if this is true, lead should be
Fig. 14. x-ray Scan of the Lead Spot

present in new tubes. However, examinations of new (Fig. 13) for Bromine

tubes failed to reveal the preience of lead (see Table 1). 71

Therefore, this is not likely to be the mechanism by

which lead colitamination takes place. Another possi-

bility is that the lead is drawn out of the glass by a com-

binat. ,-of continuous heat and the increased electric

fields caused by the vibrations.

There is no doubt that at temperatures above

100 0C, lead aid lead oxides are attacked by bromine L ... - .

(Ref 29:213). It appears that basic changes in materials Fig. 15. Bromine Attack on the Anode
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and design will be required if a truly "rugged" detector is t be built.

The last area in this results section is the analyses made on the gas within the failed counter. Two

methods were used and will be discussed in the followirg sequence: Wet chemical gas analysis and mass

spectrometer analysis.

5. The W,,t CI-.miet- C, Analysis The findings of the wet ch,.mical gas analysis are short, but

significant. In every failed detector, there was less than I.O.Agms of I alogen gas.

6. tae Mass Snectroineter Gas Analysis. The 21491 mass spect ometer was used for this analysis

and was equipped with a sample inlet system especially designed for tf is study. Several tubes from the 4

"field" were analyzed as well as one 'from this eperieni't. The result, indicate that bromine, chlorine,

iodine, cyanogen bromide, and carbon dioxide were present in each of the tubes analyzed along with the

basic compositions of neon and argon. It was suspected that hydrocarbons would also be detected, since

they were found on the internal surfaces. However, none of the tubes analyzed contained detectable

amounts of hydrocarbons.

Summary

As a result of these two experiments, the first two questions are satisfied: The tubes fail because

the halogen gas is depleted and this depletion is due te reartionswith the internal surfaces. The impor-

tant factor thouli, is not that the bromine reacts with the surfaces, but which surfaces and how. These

questions are also answered i.e., the catnode is attacked due to lead (or lead oxide) deposits and the

anode because:

1. Its basic composition is not halogen resistant, and

2. The abraded areas continue to reveal new surfaces for attack.

Thus tile third question as to why the loss occurs is also answered.

The focus is now turned to the final question: Can the loss of halogen gas be reduced or eliminated?

By using halogen resistant materials capable of withstanding the aircraft environment, it is felt that the loss

of halogen gas (through reactions) can be reduced end/or eliminated., But three questions immediately

present themselves:

1. What halogen resistant materials can withstand hiph temperatures ( ^.2000 C)?

2. What effect will these materials have on the detector's efficiency?

3. What materials will be capable of withstanding the aircraft vibrations?

These questions require considerable investigation in order to determine how the detector should be

changed. Thus the two supplementary experiments %%ere performed. namely determining tie efficiency

of various cathode matirials and dimensions and deiermining the ability of these matcrials to withstand

aircraft vibrations. It was expected that. the addition of these results to those gained fromn the environ-
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meital experiments wou d constitute a solid foundation, from which recommendations for a truly

"rugged" G-M tube could be made. These supplementary experiments will be discussed in the order in

which they were introdu, ed (i.e., the efficiency and then the vibration test).

The Efficiency Experim, nt

Introduction. T1: ,tudy was undertaken to better understand the interrelationships of the variables

that enter into the efficitncy of a G-M tube (e.g., counter dimensions and materials). WThen discussing

ernciency two different ,.efinitions are encountered. The first form deals with the probability that a

.given.material -will emit.a i electron, while being bombarded by some constant radiation field. The

second form is the probz ii.y that this freed electron will initiate a discharge and be collected on the

anode. In almost all G-M counters, the second form is greater than 99 percent (Ref 16:27). Therefore,

only the first definition is dealt with in this experiment.

As was nobed in the theory section, the efficiency of electron production is effected by the photon

energy, the cathode atomic number (Z) and the density of the traversed media. It was also con duded

that the greatest majority of the free electrons are generated in the cathoce. In general, the hieher

the atomic number, the greater is the probability of electron producticn. This is based upou the

primary mechanisms for electron production in the cathode (i.e., photoelectric and Compton effects).

The dependance of these effects upon Z and h., are expressed in their cross-sections by Price (Ref 25:25,

27), as:

(2)

for the photoelectric effect and

(3)

for the Compton effect. Therefore the ratio_..-fF 74,1
(I-) (4)

shows a strong dependance on both the atomic number and the energy of the photon. The type of

material is also important \0hjn determining the optimum thickness for the cathode. Von it. Gebauer

(Ref 31.138) found that the relationship between photon energy. ato-nic number, and optimum thickness

obeys the equation:

dopt;: cm(h)'
ZC (5)
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Thus. even ltriout n one eNuation is av--3able to deternine th: exact efficic. . of -giveen tube.

a %-,ry good irdicalion c-. be gained by simply examining the radiation source and the cathode -ter;i-

However, twre precise infc.nation is desired in order to determine tade-off points for desin the- best

possible tube. ON exz.mn c of ths.- tirde-off points would be w re-sn9 th voiu:e -to-sx.-=f ratio of

the tube. If efficiency is rat imi.red. then l . r %lume.-t-srfa c -io wotld resdt in 2 proportiorziiy

greater votune of -quncrhs - p- Aih nzr aounts of sr- rface (if constant tow Presure

is nmanta-ed). Tiis sho-.fid result in a det'ector wih - lon er Ffetime Hee. efi ci---- exv'erinenls

were performid, ad dnce ficzcemy is con-roli-d by the cathode dna m -s a nuteri! (atomiac nu:ba)

the i L'itn "ess cw "-m, of t.r-s C cas in. turn.

1. Eff"icc vs Counter Driensions. It would p obybfr be mo e me-_nigful to rese" to this ex-

penmernt as a controlled study of efficiency by varing the sufa-ce to ,v-lum rztio. Since ;he priz n,

factors in the surface and olumre fonuls are dinneter and Ikenh ess -were --rf..ine -n zubes having

a variety of .trighs and di.nezers.

Both of these tests utilized; 250Acures of Cs37" a 3A rail nickel aode. and Q-ps. The c3thodeIwas 4 inch copper tubin- (in the first ex.erinm t.t) arn the diamaers ranged from 7116 inch to 17116 inch.

The detector was operated as *3fw-'hroug-i co .nter having entry and exit ports on opposite ends of the

counter. With each new a-thode arMa-e, rnt: a coMPkete plateau wa-s taken and the time required to

accumulate 10 counts at some point on the plateau was recorded.

The second part of the surface-to-volume test was conducted in a sumlar manr.r except the ater-l

used was aluminum and its diameter -as constant zt 7116 inch. The lenatl.s were varied from two incles

to seven inches in ope inch increments and ihe ,fais rathering processes were f kWc"d as before.

2. Efficiency vs Cathode MateiAls. The second portion of the efficicacy cxpeimer. dealt w ith

changes in cathode material.s. The different materi-ls studied were: Ni. Pt-101r. ltzasel!*v C-276. 302

stainless -teci, copper, two different E-" coatings on glass, and aluminum. -- in four inch lengths. With

each caihode material, the same anode and fill eas was used (i.e., 3.1 mil nickel and Q-;as) as. before.

Three different sources were used in order to get an energy spread (Kr8 5. C 137. and o64L, and the same

data gathering iechniques were followed.

Results. From the surface-to-volume experiment it was found that the efficiency varies linearly

with bthn lengt.h and diameter as shown in Fig. 16 and 17.

The effects of changing cathode materials were not nearly so clear cut. lowever, one definite

result was that the efficiency is less atomic number dependent with higher y engergies. This is ex-

emplified by the fact that there is very little ditfercnce in efficiency between all the materials tested
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when C660 w-s used. Contmr to this. P1-1Olr uas more thin tvicc 2s ffcient as any of the other rn; ter-

ias wben ZI5 mr° c. 13 7 were used. Since KrS5 is the source used in the 2ircraft, it appears that counter

design sh.ild consiCer 3 hil, Z m2tc.r'L rov-idd it is non-ictr,-t with haloen rises.

u rT.IES sua n is s e; forth to either the -- suits whi have been discussed to this

point before continuing the dib izn:

. The tbZes a and :. d--% o -a toss of halo=nem-.

2. Ti loss of ha n is u- to re ztions iiith the i-mer .ficts of the detector.

3. Thm rexfincgs =c d u in pan. to tha oe rnce of impurities Asdh zs lead and hydxrocabos.

4.. Tht ej- i-ima czzusc %v'rn z=a on th.- passis'ated a-nodcs wVizi alo ritsults in sienifkant
h-o+en attaCk.

5. The ,,-kienv of a G-l counter v%2res i-a uiy ith its lk,'th and din mter.

6. The efr-iencv is more dependent upon cathod mteriml wh-n lower ene-,, sources are used.

The total vutio, .howe- . must in+olvc a df -'i;on of:

1.lidlals not reactive with bmalo=n gn-ses.

2-. N12teria~s that %ield hith efikacrcv

3. Nlaterials that yeid high sarergth unjer d fbrmtion.

These factors %ill be discussed next.

A deailed tabulation of materials pro,rties as they relat to halogen attack is found in Appendix

B. From this analysis ft is cocluded that -Elinvar Extra- and posiob" E-C coated glass could be used

as improved materbis. The L.s: area to be considered is the vibrational characteristics of -varios mater-ial .

The Vibration Exveriment

Introduction. In the analysis of the taped enoine :.ibrations. it "xas found that, if the fundamental

frequency of the anode could be raised above 2000 tIL, the major portions of the engine vibrational-

energy-input would be avoided. The fundamental frequency can be determined by the following equation:

2 T , 2- --4,FA Z k'z (6)

where T is tension. Q is the unsupported length. p is the material density. and A is the cross-sectional

area of the wire. As can be seen. the main factor is the unsupported !ength. however, if the length is

held constant, the ultimate tensil strength foi a given wire dictates whether it can be used or not.

This test was conducted to find what anode materials would physically be capable of enduring the

vibrations within the aircraft. Although there are many materials available, there arc also many different

factors that must be satisfied such as: llalogen resistance. ulimnate tensil strength, and matching co-

efficients of expansion. As a matter of fact, one of the largest problems in modifying the present
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counter design, is .htchg the expansion coefficnts, In this endeavor, maximum acceptable deviatit-n.

is +__.±0 x 10"6/oC. for all the counter materials. Therefore, even thoudi this experiment deals only in

the vibiational chanrcterMizs for the anode, it necessitated a det-ied study of many different materials

for use as; cathodes. . '-s. insulators, and sealants.

This study rcveai :kra the most hal-o-n resistant mateial at hiah temperatures, is nickel (Ref 29:682).

Howe-er, there are other that can 'x used and so the following materials were tested: 304 hard stainless

ste., P-101r, Pr-1ORd. El;iwr Extra. Hla-.elloy C-276. Ni. and Ni-2Be. Details of conposition, ultimate

tensil strength. density, cm Iuoent of exopansion ad halogen resistance are contained in Appendix B.

Procedures. This e'.periment conssied of testing the various 'ires at .ax'y different tensions up

to and including tieir ult;r :ate tensi stremilhs. Thr kn.5hs of Al the 'ires were constant at 2.3S inches

but the cross sectional are; depended upon the individu-l wire sample (this varied from 5-30 mas).

With each w-mple and tens- strength, the fundamental frequency was recorded. After several readinz%
were taken at different tensil strengths, an enduranc test was coduted. The endurance tes consisted

of 'vibrating the Siven wire ( at a constant length) at f, until the uire failed or it attained 108 cyccs.

It was felt that if the Aire endured 1O8 Cycles at fl, then for this configuration, the wire would mech-

anically last indefinitely.

Results Tensil tests showed that every- material. except 304 "full hard" stainless steel, failed at a

tensil strength well below their rated-ultimate !-ni strengths. This could have been caused by side loading

stresses being placed on the wire by the mountings, or a defect in the wire materi.i. Th-: hiehdest fundamental

frequency recorded in the vibration experiment was 3586 Hz by the stainless steel sample but unfc rtunately.

the haloeen resistance of 304 stainless st-el is poor. The primar , purpose in testing it, though. was for

use as a comparison. Both the platinum alloy wires, uere too soft, and stretched beyond all practical use
during the vibrations. Of all the halogen resistant materials tested, a preferential listing (according to their

vibrational characteristics) would be: Nickel-beryllium, Hastelloy C-276, Elinvar Extra, nickel and then the

platinum alloys. Details of these materials and a comparison of calculated verses actual fI's are contained in
Tabie IV in Appendix B.

Summary _

This section completes tihe discussion of the experimental portions of this thesis A review of exactly

what the desired goals were and what has been accomplished toward those goals is given below.

The goals were listed in the introduction as the following questions:

I. Do the aircraft G-M tubes age and fail because the halogen g s is being depleted?

2. If so, where does the loss of halogen gas occur?

3. Why does this loss occur?
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4. Can this loss be reduced or eliminated?

In answer, the following: statements a-e made:

1. Yes, the aircraft :;-M tubes do age and fail becuase the hal-gen ps is being depleted.

2. This loss occur- due to reactions with both the anode a-d .he cathode.

3. This loss occurs .n fcneral because of: Poor materials (anc de and sealing glass), impurities

within the chanl er (l;ad znd hydrocarbons). and poor vi'fo itional design.

4. Since the losses :re due, for the most part. to materials, eq,:ipment and desin, is it felt

that these losses -an be at least red,,.,ed, if not totally elimi ated.

This paves the way for th frnal scctioa ofthisthesis: Conclusions 3ad'Recommendations.

2

I
ii
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V. Conclusions and Recommendations

The previous portions of this thesis have ,-en dedicated to expeimentally determining why and

how the aircraft G-M tubes fail so rapidlv. Cp.-!;ierable information nas been gathered and analyzed

so that this final section can for.-ard conclusions and recommendatiors based on solid facts. Thus the

last portions of this thesis are. in essence, the "fruits-of -labor".

Cuc elusions

There are a number of conclusions that can be drawn from this tudy. These conclusions are

divided into two groups as were the experimental tests. That is. concl iions will be drawn first from

the environmental, and then from the supplementary experiments.

From the Emironmental Experiments. These conclusions are ccacerned primarily with the aging

phenomena, causes for the detector failure, and the effects of different modes of operation and are

numerically listed for simplicity and completeness.

1. The detectors age and fail in accordance with known aCng phenomena. That is, Vs decreases

with age, the plateau starts and ends at lower voltages and its slope increases with age, and

oscillations are detected when the halogen content is very smiall.

2. The detectors fail because the halogen gas is depleted.

3. This loss is due to reactions with the cathode and anode.

4. These reactions are caused by: Impurities in the G-.M tube, use of materials that give rise to

impurities, and materials that are not basically halogen resistant.

5. The rate of these reactions is increased by the abrasions on the anode caused by the vibrations.

6. The use of a pulse hei-ht controller reduces this rate by allowing less charge (and Jience, less

active species)to be generated per pulse.

7. The pulse height controller increases the lifetime of a detector at least by a factor of two.

From the Supplementary Experiments. This sub-section sets forth conclusions concerning

efficiency and vibrations of various counter materials and dimensions. Again, the conclusions are

numerically listed.

1. Detector efficiency varies linearly with length and diameter (or with the surface area).

2. Efficiency is atomic-number-dependent primarily at low energies.

3. Low efficiency can be compensated for, by using larger and stronger sources or larger surface

area detectors.

4. In order to achieve fl's greater than 2000 liz, shorter anode lengths (,-3") are necessary.
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5. In order to pre% ent anode abrasions, wider insulators are required, because the fundamental

frequencies cannot be increased (under present counter design) and thus the amplitudes

cannot be reduct d.

The next steip is to f,: ad recommendations which will satisfy the final goals of this thesis: To

modify the prese.it detector in order to yield a longer life and/or to develop a truly "rugged", long

life G-M tube.

Recommendations

The-problems cause,! by-the sr lt-lif, incs.of.the aircraft G-M tubes, are very pressing and immediate

remedies are required. H 'wever, the truly "rueeed" long life G-M tube will require further studies and

so this section is divided i ito three sub-sections: Immediate modifications, interim chanees and re-

commendations.for further investigation.

Before continuting, there is one general recommendation which requires no change in the present

system, yet it will (at the very minimum) double any detectors life time: The use of the pulse height

controller. The use of this circuit is recommended regardless of what G-M tube design is utilized.

Immediate Modifications. The recommendations forwarded here will require a minimua of detector

chances in order to achieve the maximum in lifetime extensions. The recommendations are listed and

discussed as follows:

1. Replace the anode with a more halogen resistant material.

2. lacrease the internal diameter of the insulators, so that anode abrasions will be reduced.

3. Investigate the materials, equipment, and procedures used in detector production.

The various surface analyses prove that considerable amount of bromine is absorbed on the 17-7

PH anode wire and, therefore, it should be replaced. Elinvar Extra is recommended because it has a

high nickel content (43 percent) and high nickel alloys are known for their halogen resistance. Another

reason for recommending Elinvar Extra is that its coefficient of expansion matches the other materials

presently used.

The anode abrasion problem can be reduced by several methods, but increasing the internal

diameter of tle forsterite insulators requires the least amount of detector modification.

The presence of impurities (hydrocarbons and lead) on the counter surfaces, implies that in-

sufficient care is being exercised in the selection and processing of the various materials used in the

detector. As stated before, the only known source of lead, inside the tube, is from the glass solder, and

the hydrocarbons most commonly arise from dirty vacuum systems or improperly trapped diffusion pumps.

It is strongly felt that an investigation into the materials, equipment, and procedures, used in detector

30
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production, is w-rrented and necessary.

Utilizing these reccmnendations. combined with the lifetime extension of the pulse height con-

troller, the minimum tint between failure should be increased to -", 1000 hours or more.

Interim Chan,,es. "he recommendations of this section wil! ..-quire basic changes in the counter

dimensions and thus reaures more time to implement. Alsr-, these. rcommendations assume that the

suggestions from the previ )sU section have been adopted. With this n mind the following two re-

commendations are made ,nd explained:

L Increase the dete :tors volurie-to-surface ratio, and

2. Decrease the det.-ctors overall leneth.

As was noted in the introcuction to the efficiency ex"-':znent,an increased volume -to-surface ratio

means that more quenchin, gas i- avanable to react with a proportic iately smaller surface area. There-

fore, even if the present materials were used, a longer lifetime should be gained. However, the best

method of increasing the volume-to-surface ratio is to increase the diameter of the cathode. Thus there

is more room in which a larger insulator could be used and if so, this will reduce the possibility of anode

abrasion.

The second recommendation calls for a reduction in both the cathode and anode lengths. This

will cause the anodes' fl to increase and its amplitude to deciease. The increased f, will help reduce

fatiguing in the anode, since the en.*rey inputs of the engine decrease at frequencies above 1000 Hz.

The decreased amplitude has two beneficial effects: It insures against abrasion and it will reduce the

number of large pulses caused by the vibrations. There is one detrimental effect in reducing the cathode

length and that is a lower detector efficiency. However, since the diameter was increased (in the previous

suggestion) it is felt that the same efficiency can be achieved. These recommendations, along with the

previous suggestions, should yield a detector with a lifetime of 2000 hours or more.

Recommendations for Further Study. The previous two sub-sections have been concerned with

modifying the present detecto.r. However, because the basic materials used are not lghly halogen inert,

they can never be combined to yield the ultimate long-life detector. Althougl an unlimited lifetime is

not considered feasible, lifetimes in excess of 6000 hours have been recorded by using materials totally

inert to halogen attack (Ref 3:1202). Thus, it is felt that with further investigation, materials can be

found and procedures formulated, that will yield a G-M tube capable of existing ..i the aircraft environ-

ment for periods exceeding 3000 hours.

It is the purpose of this section to forward recommendations for further investigation and experi-

mentation in order that tiis truly long life G-M tube can be developed. In order to cover this topic
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completely, these recommendations are divided into the four p.imary components of the G-M tube:
1. The cathode,

2. The anode,

3. The insulators, and

4. The seal-ants.

Suggestions for each area are made and then discussed in the same seque ice.

The first item recommended for further study is the cathode. It a ipears that the monst significant

problems can be remedied by using materials totally resistant to halogei attack. However, there are

other contributing factors that must be considered, of which efficiency ,nd expansion coefficients are

two. Some materials which indicate promise are:

1. Thin.walled Pt-Ir tubing contained within a ftronger and more workable cylinder (e.g., glass or

stainless steel),

2. E-C (SnO 2) coated olass, and

3. Pure nickel cr high nickel alloys.

These three recommendations are listed in order of preference. The platinum-iridium tube is inert to

halogens and also yields the highest efficiency. However, construction problems are the largest drawbacks

and must be investigated.

The E-C coated glass is also totally inert to halogen gas, but it is lower in efficiency than Pt-Ir.

However, E.C coated glass is considerably more workable than Pt-Ir and possibly a larger cathode could

be used to compensate for its efficiency.

Nickel is the least preferred, since little is known about it. Theoretical studies indicate that it is

halogen resistant, and its efficiency is better than tesied samples of E-C coated glass. However, its ex-

pansion coefficient is 13 x 10"6/C, which is much greater than glass sealants or forsterite insulators

(9.0 x 10-6/C). It is hoped that the expansion coefficient problems will be solved, then materials

such as Ni will offer additional possibilities.

The anode is the second component to be considered. With the anode, it is extremely important

to match: Halogen resistance , vibrational strength, and expansion coefficients. Again a preferential

list'of possibilities is made and each will be discussed in the order presented:

1. Nickel-beryllium,

2. E-C (Sn 02) coated glass wire, and

3. Small diameter (5 mil) Pt-lr wire wound around a small glass cylinder.
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r The Ni-Be wire has outstanding strength and since it is composed of 98 percent Ni, it should be

highly resistant to halogen attack, however this must be verified. The primary objection to this

material, is the same as fo'r a Ni cathode [i.e., its expansion coefficient is high (14 x 10"6/oC)].

As stated before, t'e E-C coated glass is highly resistant to halogen attack, but little is known cf

its vibrational characteri, is. Before this material could be recommended for use, these vibrational

characteristics must be d; termined. Another factor (which may or may not be a problem) is that the

Imi n u..n, diameter this wire can be drawn to, is '\40 mils and thus some increase in Vs, may be

noted.

'The last suggested Paode isthe use of a glass rod wrapped with Pt-lr wire. The advantage is the

combination of truly haicogen resistant and vibration resistant materials. There are some unknowns

though, such as: How is he efficiency and operation of the detector affected by this anode configuration

and will the glass cylinder actually withstand aircraft vibrations. Again this suggestion cannot be utilized

until these questions are answered.

Although there are several other materials available for use as cathodes and anodes, (t is felt -hat

those presented show the most promise. Considerable effort is required, however, to prove their utility.

The third area of recommended study deals with insulators. Here unfortunately, there is little

from which to choose. As a matter of fact, the only choice readily available is glass. Actually, this

recommendation calls for the entire counter to be made from glass, utilizing an internal cathode

constructed of Pt-Ir, Ni, or E-C coatings. One step in the problem of matching expansion coefficients

can be avoided by eliminating the forsterite insulators. However, this requires a study of new designs,

and then their construction and testing prior to drawing any firm conclusions. Even though this is

fairly complex, it does offer some very good possibilities and further investigations should be made.

The last area recommended for further study is detector sealants. The purpose of these sealants

is to "seal" the gaps between all the different counter materials. Thus, one of its primary factors is to

have an expansion coefficient comparable to metals. Up to the present, the only available materials

were glass solders. However, in order to give glass the required high expansion coefficient, it must

have a high lead content. As shown by the surfaces analyses, the lead results in bromine attack; there.

fore, it is strongly recommended that this form of sealing be replaced. One strong candidate for this

purpose is epoxy. Epo-.ek Incorporated (Ref 8:) manufactures a wide variety of epoxis capable of

sealing at low pressures (10.7 tor,) and high temperatures (190 0 C) and not outgas appreciably. The

sheer strength, glass-to.metal adhesiveness, and sealing ability of epoxy add to its attractiveness as a

basic component of G-M tuibes. The only unknown characteristic of epoxy is its halogen resistance,

and this will have to be determined prior to being given any serious consideration. However, if epoxy
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is halogen resistant, it eliminates the expansion coefficient problems md "opens-the-door" to a wide

variety of materials. Bec.'ise of its strength and versatility, it has a wide range of possible uses, such as:

1. Supports for the .:node wire,

2. Insulators (non.vnductive epoxy),

3. Electrical contacts (condactive epoxy), and

4. General sealants.

With these suggested areas f study, the final segments of this thesis are brought to a close. Even though

the ultimate design for the 3erfect G-M tube has not yet been found, he foundation and framework

for future efforts has been issembled. The study and testing that rerr ain, although extensive, will almost

assuredly result in the final product: A truly lone-life "rugged" G-M ube.

iiih
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Appendix A

Theory of G.M Counter Operation

The theory of rauia ion counters has been studied extensively. Rose. Korff, Present, Liebson, Curran,

Crans, Friedman. Loeb. -nd a number of others are responsible tor the development of the fundamen:al

theory, and their works re used. in part. for this paper-

Tht Geiger-Muller ccunter is one form of a gas filled radiation Jetector (ionization chambers and

proportional counters are .thers) used to detedt and count ionizing ivents caused by incident a , ,'

and /or x-radiation. These counts then give a relative measure of the radiation field strength in the vicinity

of the detector. Of partic-lar interes! in this study are the particles from Kr85[I,,O.67 MeV, (maximum),

7 = 0.54 NteV] and C,137 P, -52 MeV (maximum), - = 0.66 MeVJ since Kr85 is the .rurce uced or!

UiSFt F ic:aft oil-quantity indicating systems and Cs 13 is the source used in most of the experiments

described in this thesis.

Although G-M tubes can be made in a variety of geometrical shapes and sizes, the most common

design is that of two concentric cylinders. The inner cylinder is called the anode and is maintained at a

positive potential with respect :o the outer cylinder or cathode. The space between the anode and

cathede is filled with gas or gas mixture. The pressure within the tube may vary, depending upon the

use for which the tube is designed: e.g., on USAF aircraft, the mixture is composed of neon-argon and

halogen gas at an internal pressure of 350400 torr.

In order to detect incident radiation, two major components are required: A counter and an

electronic sensing circuit. Fig. 2 (page l represents a fundamental circuit composed of It.V. source,

sensing resistance, capacitance. and counter (also a load resistor which is optional).

G-M counters may be either self-quenched, wherein plasma and/or passive gaseous phenomena are

used to extinguish the discharge, or externally quenched. Although the use of external circuitry is a

fairly efficient means of quenching, it is not presently used on USAF aircraft and thus will not be a

major subject of this report. In explaining the electronics, it is sufficient to note that the circuit rapidly

lowers the voltage to below starting voltage immediately after an ionizing -vent occurs and then incieases

the potential back to the original level until another event takes place.

The self-quenching G-M counters generally use either polyatomic vapors or diatomic (halogen)

gases, as quenching agents. The main disadvantage of a polyatomic molecule is that during the

quenching action it, dissociates into atoms that rearely recombine into the same molecule. Even though

the polyatomic molecule can dissociate into further discharge quenching vapors, it eventually depletes it-

self causing the tube to go into continuous discharge. On the other hand, the halogen molecule disso-
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ciate into two at- upon its neutralization at th? cathode. Since these atoms will eventually recombit-e, the

halogen Sas is never depleted. This is true. oweer. only if the di ',ciated molecule does not react with

the surfaces of the chamber. The ."c! that the dissociated species are highly reaictive, presents a erious

problem and the co-.,:' cr materials must be chosen with extreme cau! ion for this reason.

It sould be noted that no radiation can be detected unless an -;lectron is formed within the

s-nsitive volume of the chamber. There are three a)s in which elec, rons may be formed within the

counter:

L By direct photoelectric in:eractict in the gas or the photo ef ect in the cathode wall, and sub-

sequent migration of the photo electron into the sesitive vo ume.

2. By the Compton effect in the gas or cathode wall and ther, -he subsequent migration of the

Compto." electron into the sensitive volume.

3. By pair production and the subsequent migration of the electron into the sensitive volume.

Each of the processes is a function of the photon (-y ray) energy, fill gas, wall thickness, and wall

material, and the probability of such a process occuring is generally iT uch less than unity. As a result,

the efficiency of most G-M counters in detecting radiation is small (Ref 15:187).

In the remaining two phenomenon. the probability of electron production is much more likely

in the cathode wall than in the gas simply because of density and collision cross section considerations.

Compton effect jnd/ or photoelectric effect in the wall are both dependent upon photon energy and

the wall material i.e., for a given photon energy, the ratio of photoelectric to Compton events will vary

for different materials. For example, the electrons produced by a 0.6 MeV photon in Cu (Z=29) will

be by 98 percent Compton and only 2 percent photoelectric. Whereas eectrons produced from Pb (Z=82)

by the same photon will be by 58 percent Compton and 42 percent photoelectric. Hence, there is a

definite dependence upon atomic number (see "The Efficiency Experiment" section for detailed discussion).

Once an electron has been formed within or has migrated into the chamber, the electron is sub-

jected to the electric field between the two concentric cylinders. Tls field varies according to the follow-

ipg relation:

Vt (7)

where rb radius of cathode and ra radius of anode such that ra(r(rb, V is the applied voltage. This means

that the electron will drift toward the anode wire and its kinetic enery will increase between successive

collisions. If V is equal to or greater than the threshold or starting potential (V ) of the counter, then

the electon will eventually possess sufficient kinetic energy to produce in-xairs upon collision with neutral

gas molccules. The nei.tive ion will travel toward the cathode. The electrons thus produced, also drif.
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toward the anode in the i -field. creating additional ion-pairs. The process continues and eventually

resdts in a cscac. or Tovnse:d 2valanche.

The avala-ncie begins approximately 5 wire radii (Ref 33:170) out from the cylinder agis

and then spreads pyraniiey towards the anode wire. The base of this pyramidal form is located along

the anode and is aproxiz.:.'ely 0.04 cm long (Ref 33:170). The dischare then travels down the anode

wire by successive avalanc. es. Th: means by which additional avalanches are formed was for a time un-

explained, however, the pr maiy process has unerally been considered to be that of cumulative exi'ation

coupled with photon transort. When the initial avalanche occurs, species excited in the process emit

photons within a wide ene.gy range, and althouJi this radiation is not of sufficient intensity to ionize

anothei atom or mo;ecule )f tl.- same species, it could iomze a sopcies of lower ionization p~otential.

Halogen quenched G-M tut es contain neon, argon and chlorine or bromine. According to Al.. Ward and

A. D. Krumbeiri (Ref 32:3 5), the halogens do not appreciably absorb the photons responsible for the

discharge spread. This then leaves only argon. However, the percentage of argon is so very small

(1A0.1 percent) that it is unlikely to be responsible for the discharge spread. Therefore, it appears that

a stepwise collisional exitation, coupled with absorption in the neon carrying gas is the most likely means

by which the discharge spreads along the anode wire.

Each successive avalanche probably overlaps its predecessor somewhat, but the overall discharge is

carried further down the anode wire until the entire length has been covered. The velocity of the spread

has been measured by several observers and all seem to agree that the velocity is approximately 107 cm/sec

(Ref 33:192, Ref 15:179).

It should be noted that if the initial avalancl'e is formed at some point other than one end of the

wire, then the discharge will progress in both directions at the same velocity until the entire wire is

covered

As the discharge forms and traverses the anode length, the electrons are collected on the anode

leaving a positive-ion sheath formed around the anode wire. The movement of this sheath is essential to

the discussion of the counter operation. As the sheath forms, it reduces the electric field in the vicinity

of the anode. This reduction is sufficient to prevent any further ionizing event:within it and thus mom-

entarily quenches the discharge. Because the sheath is composed of positive ions, it will travel radially

outward to be collected on the cathode. As it travels, the field between it and the wire will increase

until such time as another ionizing event can take place and be detected. This elapsed time is known as

the dead-time and corresponds t) the distance the sheath has moved (in the dead-time), called the criica!

radius (rc).
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Even though -h e ,.rnation of the positive-ion sheath momen arily quenches the discharge, there arz

still many highly cnecrg.::c species present within the counter which could re-cnitiate the ionizing process

and thus give spurious cc rots. Because of this. these energetic spec es must be quenched. This is

accomplished in two ,vay s: internally and exernally.

Internally the discrarge is quenched by two mechanism, the formation and movement of the

positive-ion-sheath, as dii, ussed aove, and by the interactions of ti! . gas within the tube. During the

discharge, the metastable .tates of neon are readily excited and if al'owed to exist in this state, would

eventually radiate enough energy to re-initiate the discharge. Howev :r, since argon, bromine, and chlorine

all have ionization potent als lower than the neon metastab!e state e ierev. a collision between a neon

metastable atom and araa, bromine or chloripe molecule, would in affect, neutralize the metastable

state of the neon molecule.

The collision between a neon metastable atom and an argon ncutral molecule will produce an argon

ion which will then proceed coward tne cathode. The collision between the neon metastable atom and

the halogen molecule will neutralize the metastable atom and ionize the halogen molecule. In turn, the

ionized halogen molecule will proceed uut to the cathode where it will be neutralized by absorbing an

electron from the wall. The argon ions that are formed by the collision with neon metastables will

collide with the halogen molecules and ionize them. The argon ion will be neutralized into an argon

molecule and the ionized halogen atom molecule will be neutralized at the cathode.

Upon neutralization, the halogen molecule will dissociate into two highly energetic atoms that will

eventually recombine to form a neutral halogen molecule if there is no interim reaction with counter

surfaces. Because of the reactivity of most materials with halogen gases. thu common cathode metals

cannot be used without surface proicction. The materials most used in halcgen counters arc stainless

steel, tantalum, and treated glass. One method of giving these surfaces added resistance to attack is

passivation which entails elevating the temperature of the counter with the halogen gas inside. This

process builds up a halide layer on the surface, consequently reducing its reactivity. Although passi-

vation "works", any action which would cause the layer to "flake.off" or rearrange its crystaline lattice

could then expose the unpassivated surfaces below and a halogen reaction would again take place. Another

method of protecting the surface involves electroplating or sputtering with non-reactive metals such as

platinum or platinum-iridium. Although Pt-lr is very halogen resistant, even at elevated temperatures,

plating/sputtering is difficult and quite expensive. in addition, platings/sputterings are exceedingly hard

to put on smoothly and almost impossible to keep from forming small pinholes in the surface. Further,

these preparations require considerable time. It would appear that the use of non-reactive sufaces for

the entire counter would be the most logical solution and this is one of the main areas of this study.
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Other complications which enter into the probiem include tht. efficiency of the cathodc materia and its

ability to withstand high temperatures and vibrations.

Externally, the discharge can be extinguished by using the afore.nentioned quenching circuit. But

since this is not employed on USAF aircraft, it will not be covered Lre. However, the impedance of

the se.-sinRg circuit is directly related to the quenching ability of the counter. A simple experiment was

performed in which a counter was Cperted in a circuit with "zero" ir.-pedance. The result was that

the counter began operating normally at Vs and the internal quenchin; ability was sufficient to quench

the discharge up to a certain voltage [critical voltage (Vd ] . Once Vc xas reached, two distinct pulse

shapes were detected: A small pulse, which was the typical pulse not, d below V., and a much larger

pulse which was detected upon reaching Vc. The small pulses signifited the discharges quenched by the

internal mechanisms and the large pulses were found to be quenched by the internal mechanisms and

the large pulses were found to be quenched by a combination of circuit impedance and internal mech-

anisms. In the low impedance circuit at Vc + '10 volts, the counter would go into continuous dis-

charge. It was found that by increasing the circuit impedance, a greater amount of voltage could be

applied prior to going into continuous discharge. This gave the counter a longer operating voltage

span, or plateau. With this in mind, an additional resistance [load resistor (RL)] was placed in series

immediately begind the counter. The load resistance increases the circuit impedance and thus the oper-

ating range of the counter. Another simple experiment was performed to determine the optimum

position for RL. It was found that the advantageous effect of RLwas decreased as it was moved

further from the GM tube. Therefore, for the maximum beneficial results, the load resistance should

be as close as possible to the counter. Another result of this experiment indicated that the size of

RL is not as important as its presence or its position. Thus a resistance of 1.0 M1. would have the same

basic effect as a 5.0 M11 . It was also noted that RL would increase the count-rate, for any given

counter, at least for the initial portion of the plateau.

If an oscilloscope were used to depict the pulse pattern observed from a G-M tube through a

sensing circuit, it might look like Fig. 19. As the counter breaks down into discharge, it produces the

fast rise in the pulse. This is due to the ionization within the chamber and the collection of the charge

(electrons) on the anode. The pulse height then tapers off and returns to zero volts as a function of

the RC ;himc constant of the sensing circuit. Each pulse thus formed constitutes a count. It is

significant to discuss the decaying portion of the pulse, since the speed with whtid the tube returns to

normal is a measure of the speed at which the tube can count. To do this, two definitions are needed:

The dead time and the recovery time. The dead time was stated earlier as the time it takes for a counter
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to recover to the poim 31 which another pulse could be detected and the recovery time is the time

elapsed between initial pulse and the next

pulse of full amplitude.

These definitio,.- are easier to under-

stand by the e. of F: 19. As can be

seen, the first pulse is ii dicative of the tube

as it operates from a no mal condition, dis- '

fi~t

charges, and then return: to normal. After

the first pulse an.- beor i. the tube can re-

turn to noanal, a secon small pulse can be

detected. This correspoi ds to another ion- Fig. 18. Oscilloscope Displayed Geiger Pulse

izing event, bu't since tht tube has not returned

to normal, the field in the vicinity of the wire V

is lower and thus, the small pulse. As the tube 0

continues to return to normal operating vol- T

tage, the pulses grow until finally another S

pulse is detected that has the same height as

the first pulse. The time between the first and

second pulses in Fig. 19 is the "dead-time". The TIME
Fig. 19. Dead Time and Recovery Time(Ref 5:68)time between the first and the last pulse is the

"re covery -time".

An alternate way of describing these events is by the movement of the positive ion sheath. The

-movement of the sheath was discussed before but its relation to the detected pulse was not stressed.

When the discharge takes place and the electrons are collected on the wire, a positive ion sheath surrounds

the wire. Because of its closeness to the wire, the electric field is reduced to the point where no ava-

lanche can be initiated and thus, no discharge can occur. As this sheath begins to move radially oui-

ward toward the cathode, the electric field around the wire increases. When the sheath has progressed

far enough so that an avalanche could fLrni, then a small pulse could be detected. This distance that

the sheath has moved was referred to earlier as the critical radius and the time from the first pulse

until rc is reached was noted as the dead-time. As the sheath continues to move outward, the field

continues to increase and the detected pulses also grow in height for each successive ionizing event.

Once the sheath has traveled to the cathode wall and has been neutralized, the pulse will have returned
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to its maximum amplitude (see Fig. 19). The time lapse betveen tt a first pulse and neutralization of

the ion sheath at the cailhode is called the recovery time of the counter. In the counters under present

investigation, the dead tires are "-,80-90.tsec and the recovery time: are 100-30 0.q sec. This compares

favorably with literature (Ref 15:133). Although these times can v ry depending upon the gases used

within the counter and the applied voltage. In general, the heavier ,he gas, the greater the dead and re-

covery times. This, in tur.i, corresponds to the mobility of the ions of the respective gases.

The las: portion of t ie theory is concerned with the dependen,.e of Vs on the counter variable.

The factors that most effe -t the starting voitage 3f G-M tubes are; to al pressure within the counter,

percent of halogen gas (ha open quenched tubes). the radius of the a-,ode (ra) and the radius of the

cathode (rb). The inter-rlationships oi these actors can be quite Ir tricate and depend significantly

on whether a halogen or polyatimic gas is being used as the quencher. The total pressure within the

counter has the'same effect regardless of the type of gases used i.e., iicreasing pressure yields an increase

in Vs.This is a nearly linear relationship which has been experimentally plotted 'y several observers

(Ref 33:179, Ref 19:306).
While both the anode and cathode radii effect Vs, the anode radius is by far the dominant factor.

However, when dealing with halogen counters, radii from 5 mil to 40 mil have negligible effect on Vs

(Ref 19:304). The reason for this appears to be in the lower ionization cross section in halogen counters

as opposed to organically filled counters. Also, the mean free path in halogen counters is longer by a

factor of 100 (Ref 16:49). Thus the electron will gain sufficient energy to ionize at appreciable dis-

tances from the anode. Since there is no point in makeing the wire diameter less than one free path

length, a larger anode may be used.

The last variable that must be considered is the percentnee of halogen gas in the mixture. The

effect of varying the percentage of halogen gas was first studied by Liehson and Friedman (Ref 19:304).

Fr,-m their work, the aging characteristics of halogen ccunters -an be deduced. In essence, the restlt

of the dissnciated atoms of halogen molecules reacting with the internal counter surfaces causes ; re-

duction in haiogen content within the chamber. This reU,ctioa was found to be accompanied by a

drop in Vs. Although there would aiso be a reduction in overall counter pressure, the halogen gas com-

poses only about 5 tori in a 3 cubic centimeter tube, whose overall pressure is 350 torr. A loss or

gain in this small amount would be negligible unless there is a much stronger relationship. Graphs of

Vs versus halogen content can be found in the works of Ward and Krumbein (Ref 32:349), and Liebson

and Friedman (Ref 19:304).

A relationship exists between halogen gases and argon which is very important when attempting
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to adjust Vs. We have seen that with the overall chamber pr .ssure held constant and increasing the

halogen content will result in an increased VS (and vise-versa). Hov,'.ver, if the overall pressure is held

constant and the argon content is increased, no variation ir- Vs is not, ,!, 16Z an increased ability to

quench the metastable states of neon has been gained. liherefore, m; intaining a constant overall pressure

and increasing the argon content while cecreasing the halogen conten, will result in a lower operating

potential for the counter. However, at very low halogen cont'nt, cor tinuous oscillations have been I
observed. Since these have been described as critical metastablc state quenching/non-quenching phenomena

(Ref 28:41), it is essential to proper counter operation to have ve!ry 1 recise measurements of the gaseous

inixtur, .

Many authors have attempted to predict VS for a given counter without resorting to experiments.

At best, this has met with limited success. Probably the greatest success was attained by Ward and

Krumbein (Refr32:344). By proving that the Lantejung equation:

P Vn (8)

where Vn = normalized stwrting potential

n- 1I -L, (9)rct
and where a, b, and d, are constants (% amount of organic quench gas) held not only for organically

quenched counters, but also for halogen counters, they were able to construct the nomograph in Fig. 20.

This relates the Vs to overall pressure, percentage of chlorine and the radius of the anode. This can be

expanded to apply to a variety of anode radii (40mils without any real loss in effectiveness since VS

is not strongly dependent upon ra.

Another factor that has been used to interre!ate !he variuns counter variables is the gas multipli-

cation (Ao). This is defined as the average number of electrons reaching the anode per electron lib.

erated in the initial ionizing event. Originally, it was postulated by gossi and Staub (Ref 26:73, 74,

and 77) that any equation that related the gas multiplication factor to the counter variables, had to

satisfy the condition

A. (Pr.

* Of\I jfl~)(10)

where p is the tube pressure, VB = applied voltage, ra and rb are the anode and cathode radii respectively.

After many revisions Diethorn (Ref 6:6628) derived the most successful relationship, which is:
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InA0 $6,fl2 In Vi Vt , Kp Nv 1(11rq L
In this formula, two nt,. constants are introduced: AV and K. 6 V is the potential difference through

which an electro', drops oetween successive ionizing events. The electrons that are being referred to

here, are the ones that ar., ejected into the sensitive volume either by the photoelectric effect or

Compton effect in the ci hode wall. K is the value of the reduced electric field where multiplication

begins (K = 1 %_). In o. her words, for a given counter and gas at some constant pressure there exists

a critical value for the ele.:trical field (Eo) below which ionizing evcnts cannot occur. This equation

solved many of the probkt ms that were present in theory prior to Diethorn, but along with this solution

came the complication of letermining AV and K for a particular counter and gas mixture. Although a

total solution has never been found, much work has been performed by R. W. Kiser and associates

(Ref 23:4148; Ref 28: 387-396). Dr. Kiser (Ref 14:198) found that these two constants were related to

the ionization cross-section of 75 volt electrons by the following equation:

75 -8.1 X IOAV (12)

Several values of the cross-section of 75 volt electrons are contained in Ref 17:6130, but K and AV

remain essentially unknown.

Dr. Kiser also found that AV was related to the crierg- necessary to createan ion pair (N) in a

given mixture and also to the percentage of discharge propagation due to Townsend avalanches (%T).

This is expressed as:

X (13)

In the G-M region around Vs, Ao ,107. Thus, if the percentage of propagation due to Townsend

avalanche can be expressed, the solutions for AV and K can be gained.

In the preponderance of literature, the percentage of the propagation in the G-M region,

is attributed almost solely to photons, and a low value ('\'0.1--10 percent) can safely be assumed for %T.

The reason that %T is so low is because all that is needed is one successful Townsend avalanche and

then the photons radiated by the excited species within the avalanche will be sufficient to continue the

discharge.

There are many "loose ends" in this approach that make it of questionable value. First of all,
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the average enerly to create at, ion pair in a mixture is assumed to be a weighted addition of the parts

that compose the mixt,,ie. Although this is not strictly correct, it can admittedly be used as a rough

approximation. Secondly, the %T is not known definitely and thert fore must be assumed. Finally,

7 5 6"i has not been meas ;red for all des;red gases. Although this (I es not make the theory incorrect,

it does make it less usefu..

Once all the constam ts are found, the gas multiplication factor can be determined; however, Ao=10

has already been assumed n the G-M region, therefore the end resul is again of less than significant

value. But, by assuming 1 o10 it is possible to determine a Vs for a G.M counter. Rearrangement

6fl*quation 11 yields the following form:

A InA0)(Ln~). s, InorAV A.(10m(4)

Although it has not been done in this paper, it is possible to get a series of values for Vs, by inputting

different values of AV and K into a computer program. Again, it should be stated, that this conclusion

is built upon assumed values and from this standpoint is of questionable value.

This completes the background theory of the operation of Geiger-Muller counters. It is hoped that

this has provided a basic understanding of the operations and processes that take place within a counter.

It may be worthy to note at this point that, although the Geiger-Muller tube is one of the oldest, simp-

lest, and most frequently used counters, the detailed molecular and plasma processes which occur inside

are not (even yet) totally understood.

I '

46

.1> - - '-J



Appendix B

The Composition. Halogen-Resistance, and V irational
Characteristics of Various Materials

This appendix gives some general information on several metal. that either have been used as mat-

erials in halogen G-M tubes or those that appear as likely prospects. An alphabetical listing of the mal-

erials, some basic characteristics, uses, and halogen reactance is follo% "ed by a chart showing the materials

vibrational characteristics.

There is.little information on ceramics, glasses or epoxies since no real data was found to indicate

their resistance (or lack there of) to halogen gases. However, from I rivate communications with Corning

Glass Works and Epo-Tek (Refs 13, 8) the glasses and epoxies appear to have good resistance to halogen

attack. An investigation is under progress at USAF Flight Dynamics Laboratory to actually determine

the reactivity of several types of epoxies and sealing glasses. This study is being conducted by liLt. L.

Tessler and supervil'ed by Capt. R. P. Couch.

Beryllium

Beryllium is a high strength but low density material. It is widely found but only in small

quantities. Its primary drawback is its expense, but a small addition of beryllium to other metals yields

an alloy of much greater endurance (Ref 11:408)

In its pure state, beryllium is attacked by fluorine at room temperature and by chlorine, bromi ie,

and iodine at "elevated" temperatures (Ref 29:56). A private communication with Little Falls Alloy,

Inc. revealed that "elevated" temperatures was probably at approximately 100.150 0 C.

Hastelloys

Hastelloys A, B, and C are all high Ni (61-82 percent) Mo (16-28 percent) alloys. Each of these

are quite hard (especially "C") and are extremely difficult to machine. Of all Hastelloys the "C-276"

alloy is most workable.

Hastelloys are very good in halogens and hav. ...aximum recommendedtemperatures in dry chlorine

of 5000 C. When resistance to corrosion is desired, both at high temperatures and below the dew point,

the order of preference is Hastellow B, A and then C (Ref 29:861-862). However, the "Stellite Ilastelloy

Corrosion Guide" (Ref 2: 13-17) indicates that, in dry Br2 or CI,, Ilastelloy C is the most desirable,

with less than 2 mil penetration per year for C11 at 300°F and 20 mil per year for Br2 at 150-700 0 F.

Molybdenum

Molybdenum does not occur in nature, but must be obtained from "molybdenite" (MoS,) and!or

from "wulfenite" (PbMoO4). It is extremely hard and is used to increase tle toughness and ten;il
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strength of steels. It is scfter than tungsten and its ductilaty makes it extremely useful as filaments grids

and screens in radios (Ref 11:421).

Molybdenum is not esistive to halogen attack at all. It reacts with fluorine at room temperature and

with chlorine and bromin at red heat (Ref 29:252).

N ckel

Nick'e is a hard but nalleable metal which is slightly manetic. It has been used extensively in

'lloying with other metals :o increase their strength and corrosion resistance.

Gases such as chlorii e, bromine and other halogens are apprecialy corrosive to Ni only when they

contain condensed moistur.- (Ref 29:265). As a matter of fact, at 315 0C and in dry chlorine nickel is

superior to Inconel, Monel or any of the Hastelloys (Ref 29:682).

Nickel Iron Allovs (Elinvar Extra)

"Elinvar Extra" is a precipitation hardening Fe-Ni alloy having a constant elastic modulus and

"zero" thermoelastic coefficient over a temperature range of .50 to +150 0F. It is vacuum melted

to assure maximum uniformity of composition and internal cleanliness" (Ref 10:1-2 ).

Although no definite information has been found on the halogen ,r-sistance of Elinvar, Ni (and

some high Ni alloys) provide useful resistance to chlorine over a wide range of concentration and tem-

perature (Ref 29:681). Because of its Ni content, Elinvar Extra is considered by izi manufacturer

(Ref 12) to be veiy good in halogen environment.

Platinum Alloys

Platinum usually occurs in native form. accompanied by small quantities of iridium, rhodium

and osmium, all in the same group. Pt is a tin-white metal of metallic luster, tenacious, mallable and

ductile. The metal is not oxidized by air at any temperature, but is corroded by halogens, cyanide,

sulfur and caustic alkalies (Ref 11:424).

All the feee halogens react with Pt over certain ranges of elevated temperatures, but the addition of

iridium or ruthenium increases Pt's halogen resistance. Of all the halogens Br2 (dry) attacks Pt the

most. Pt-Ir alloys are particularly suitable for use in halogen environments (Ref 29:300.310).

Stainless Steels

446 stainless steel is best in corrosion resistance of the, ommon commercial series, due to the high

chromium content. It is quite sensitive to fracture at slight defects or notches, thus, commercial

fabrication operations such as: drawing, spinning, forming, and welding require special care and pre-

cautions. Signa phase may develop during service at elevated temperatures giving rise to increased
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brittleness (Ref 24:50).

No definite informat;on was found on the resistance of st3inless steels to halogen attack with the

exception of Utiig's state! ient (Ref 29:145) noting that "in the presence of halogen ions, especially

chlorine, the material mus be looked on v~ith suspicion". However. from surface analysis conducted

as part of this thesis, botl. 17-7 Ph and 446 are attacked and considered to be non-effective in a bronine

environment at 2000C.

Tantalum

Tantalum is principa ly found in the mineral "tailitc". It ca,, be drawn into a wire and has

found use as a filament ip lamps and as materials in halogen Geiger- ullei counters. It has been re-

placed in lamps by tungsten but still finds usage where "more than o dinary vibration" is possible

(Ref 11:431).

At temperatures below 1500C tantalum is resistant to wet or dry chlorine. The same can be said

of bromine with the uppe, limit of 175C.

Titanium

Titanium is a very malleable metal (hot or cold) unless contaminated with oxygen or nitrogen,

however the smallest traces of these impurities embrittle the metal.

In its pure form, titanium's corrosion resistance is very similar to 18-8 stainless steel. It reacts

with flourine, chlorine and iodine at "elevated" temperatures.

Tungsten

Tungsten is a hard, brittle, nonmagnetic metal and forms an oxide when heated in air. It has

the highest known melting point of metals and thus its vapor pressure is very low. This makes tungsten

useful for wiring furnaces, targets for x-ray tubcs. and contacts. It has found its widest use as filaments

in light bulbs and alloyed in steel to produce strong durable metals [e.g., armor plate and projectiles

(Ref 11:433)].

All halogen gases react with tungsten, but at different temperatures. Bromine and iodine react

with it at red heat and chlorine (in the presence of oxygen) reacts at 600°C (Ref 29:330).
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Appendix C

Gas and Surface Analysis Methods

This appendix gi, a brief summary of the various analytical metheds used to determine the gas

and surface composition of the tested G-.M tubes. Where possible, the reader is referred to technical

or laboratory reports for. etailed information.

Gas Analysis
.e..f, r rst..nd most -quantitative m thod of bromine .analysis was a wet chemical

treatment. This work was performed by Mr. Brennen Gisclard of the Chemistry Branch of the Air Force

Flight Dynamics Laboratoi f. He and his associates have developed a methyl orange reagent which is

highly sensitive.to halogen gases. Mr. Gisclard is presently ...olved in publishing a technical report

containing the detailed information on this analytical method (Ref 9).

491 Mass Spectrometer. The secund successful method of gas analysis was the use of a 491

Mass Spectrometer. rhis work was done by Mr. M. Taylor and supervised by Dr. N1. Hughes. Both of

these men are under the direction of Dr. Tiernan of the Chemistry Branch of the Air Force Aerospace

Research Laboratory (ARL).

This method was not quantitative but did yield relative percentages of all gases contained within

the G-M tube. (the results will be quantitative after known quantities of the gas are measured). Th0s

analysis was able to determine that bromine was not the only halogen gas within the counter, but that

chlorine and iodine were also present in quantities of 1/20 that of bromine. It was not able to detect

halogen gas in counters which exhibited oscillations and from the wet chemical analysis, this quantity

is known to be- (.OAgm.

Surface Analysis

Three different methods were used to investigate the structure and surface compositions of both

the anede and cathode. These were: 21-110 spark source mass spectrometer, Auger spectrometry,

and the scanning electron microprobe.

The Spark Source Spectrometer. The 21-110 spark source spectrometry was perfonned by the afore

mentioned individuals from the Chemistry Branch of ARL. This work gave the first confinnation of

bromine reactions with the anode and cathode. This method is best explained in Ref 1:75. The results

are not quantitative but do yield excellent relative measurements.

The Auger Spectroneter. Auger spectrometry was performed by Dr. T. W. ltaas and Capt. George
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Dooley of the St rface .Analysis Branch of the ARL. These results ; re also excellent comparative analyses

but the greatest -dvant.;ge is the determination of surface structure from 3 to 200A in depth. This

method is "almost" capal.le of giing quantitative results and excelk nt relative measurements can be

gained. Detailed information into exact theory and procedures a.e contained in Ref 7:1-8.

The Scannine Electzon Microprobe. The scanning electron microprobe yields some excellent

emi-quantitative and rela ive results. It is capable of determining * tyer thicknesses to 1.0 micron ind

providing polaroid. picture; of all results. The advantages over the p:evious methods are: It has an extre-

mely small beam (Ni micr n), it is able to continuously scan the sarr.ple surfaces, it can "backscatter

line scan" for different sp.-cies, and it yields photographs of all resu'ts. Some sample pictures and de-

tailed information is contained in Ref 27:1-19. This analysis was pe'formed by Mr. W. L. Baun and

Mr. J. Soloman of the MAYA Branch of the USAF Materials Labor.toly.
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II Appendix D

tGraphic Data of the Changes in
During the Environmental Tests.
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